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PREFACE. 


rjlHEOUCn the kiudnesa of Sir John Marahall, C.LE., Litt.D., etc.. Director 
General of Arehieology, and the Hon’ble fttr. H. Sharp. C.S,I., C.I.E., etc.. 
Educational Coimtmaigner with the Government of India, I was able in December 
and January 1915-16 to visit the old observatoma at Delhi, Jaipur, Ujjain 
and Benares, and this volume is a direct result of mv tour. 

In the following chapters an attempt has been made to exhibit the 
known facts relating to Jai Singh's astronomical work and to describe his 
instrnments in some detail. The subject matter conveniently arranges itself 
into the following divisions: (i) Jai Singh's preparation for his astroncmici^ ^ 
researches i (ii) his own publications; (iii) the instramenta of his predeceasorT 
that he employed; (iv) the instruments he devised; (v) the observatorica he 
built; and (vij^an estimate of his work, etc. The sixth section presented 
some difficulty—4;hiefly because of the somewhat erroneous idea that prevails that 
an account of Jai Singh is necessarily intimately connected with the history of 
Hindu Astronomy. To form a proper estimate of the value of Jai Singh's 
and to place it in correct relationship with that of his predecessors 
it is, of course, neceeaary to have knowledge of the history of the develop¬ 
ment of astronomy before his time; andAwhile there b abundance of literature > 

on European and Muslim astronomy, there b at present no systematic account 
of Hindu astronomy generally available; so a second part of thb work contain¬ 
ing a fairly full account of Hindu astronomy was under contemplation. But 
this would have altered the chameter of the book and Jai Singh would have 
ceased to be its principal feature: also an account of Hindu astronomy will , 
appear at the same time as this volume in the * Open Court Classica of 
Science and Philosophy. 1 have, therefore, here given only a summary of 
Hindu astronomy in so far as it b rebted to Jai Singh's labonns and for 
further details refer to my other book. ^ 

This volume b primarily a tour report for the Arebieological Departmeot 
and therefore principally descriptive. That it leaves much to be accomphshed, 
b to be regretted but it was mevitable; and, indeed, to attempt to make 
such a record perfectly complete would mean the indefinite postponement of 
its publication. I must therefore plead for some lenience of judgment /and f 4 

trust that the Intrinsic interest of the facts recorded will, in some Measure, 
compensate for the inadequacy of the presentation. 

It b now my pleasant duty to record my grateful thanks for help and 
encouragement. To the Durbars of Jaipur and Gwalior I am greatly indebt¬ 
ed for their kind hospitality and for the valuable assistance given ly their 
officers; and my thanks are specially due to Lola Chuni Lai, the Darogha 
Jmarat, and Professor V. V. Tamlumkar and Pandit Kedar Nath ol Jaijur; 
to Rai Bahadur Munshi Bai Mukau, the Sac Suba, and Pandit Sham,' 
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Sondar Slmnna, Tehaildar, Uijaui; to Pandit Gokal Chand of Jaipur for his 
asalatanco at Senares and Pandit Mahadeva Sastri Ghatri who, with the kind 
permiftBiou of Her Highness the Mabarani of Dharbanga, placed himself at my 
disposal at Benares ; and to Mr. Sohan Lai of the Archeoological Department 
who accompanied me on my tour. To Mr. Fazil BUabi, B.A., and Professor 
Abd-ut-Eahman of St. Stephen's College, Delhi, my thanks are due for aasktance 
in translating some Perdan works on the Astrolabe and in the interpretation 
of obscure Arabic terms. To the SuperintendentB of the Museums at Calcutta 
and Lahore I am indebted for the loan of certain instruments. The Public Works 
Stall of the Imperial City, Delhi, and particularly Mr. Glen, Executive Engineer 
rendered most valuable assistance; and to the care and skill of the SuperinteDdent 
of Government Printing and the Surveyor General and their staffs 1 am obviously 
greatly indebted. It is impossible to repay in words my debt to Sir John 
MarshoU and Mr. W. E. Jardine, C.LE., the Resident of Gwalior, for advice, 
encouragement and help. 


C. E. KAYE. 


—Hoveraber 


, 1917 . 
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The Astronomical Observatories 

of Jai Singh 


CflAPiER I,—JAI &ISGR, 




1. Maharaja ^M'al Jai Slugh (I of Jaipur was bora in A. D. 16S8’ and 
aacceeded to the Amber territory at the age of thirteen in A.D^ 1009, a few year^ 
before the death of Aurangzib< He had difficulties) In eatabli^hmg bimselfi but in 
1708 obtained complete poaseeston of the province. In 1719 he was appomted by 
Muhammad Shah governor of the province of Agra and soon after to ilalwa. In 
1731 he was again governor of Maiwa and in that year, apparentty with the cog" 
nir^nce of the Emperor, he resigned the province to the Peahwa. He died in 
1743, two hundred years after Oupernicus, and “ bis wives, concubines, and science 
expired with him on his funeral pyre.'** 

Jai Singh mixed in most of the trouhle and warfare of the long period of 
anarchy that coincided with bis reign; but he diatingiiished himself more aa a 
sta teaman than a soldier and has been termed the Machiavclli of hia day. He was 
the founder of a new capital, named after him Jainagar or Jaipur, which in hia 
time became a centre of learning ; he erected caravans^is in many of the pro¬ 
vinces i and he built astronomical ohaervatorics at five of the principal cities of 
Hindustan. He conceived and carried out a scheme of scientific research that is still 
a notable example ; and hia influence is still a living one. The observatoriea he 
erected are, in the words of his historian, " monuments that irradiate a dark period 
of Indian History.’'® 

At an early age Jai Singh showed a predilection for astronomical work and, 
according to bis own account, by constant study^ he obtained a thorougb knowledge 
of its prinGiple.s and rules. He found the astronomical tables in use defective and 
set himself the task of pieparbig new ones. With this purpose in view 
Jai Singh took every means to ensure success. He attached himself to no 
partiicular school but studied Hindu, Muslim and European methods impartiaily. 
He collected astronomical books and had certain of them translated ; he organised 

* ^ wiHcli Krtwtoii''a Pn^ipia wm 

* AnnaU mnd Aniip^itk4 d/ By LkntaDuit-CdGiifll Jniii93 Tod, J9S^* VdL Ik p- 30l(p 

* Iik!, Ei p. m 
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astronomical observatories of JAI SUfOlt 


A Tegular staff of workers and sent some of tbem to foreign countries to collect 
luformation ; ke invitefl certain Europeans and others interested in astronomy to 
Jaipur ; he built a large observatory at Delhi and made careful observations there 
for seven years with a view to the preparation of a new star catalogue ; and after* 
wards he built other obser^'atories at Jaipur, Ujjaiuj Benares and Jiathurfi. Such 
in brief were his astronomical activitea which we now proceed to describe in some 
detail. 

Astronomical Works consulted by Jai Sin^h, 

2. Of the works of his predecessors and contemporaries there is evidence that 
Jai Singh was acquainted with the following ; Ptolemy's Abiiagest ; the astronomical 
tables of Ulugh Beg ; some Treatises on the Astrolabe ; La Hire's Tabulae *4«rfro- 
fufjnicae; and Flamsteed’s ffistaria Ctele^tis Sritiinnica ; also certain western 
mathematical works such as Euclid’s Elem;nis, a treatise on plane and spherical trigo- 
nometiy and on the construction of logarithms. This, of course, cannot be an 
exhaustive list since his valuable library no longer exists entire/ aud it would be 
fairly safe to ‘ ^Rsiime that Jai Singh collected and studied all the available Astrono¬ 
mical works ; indeed it is recorded specifically that be procured from Europe, besides 
the tables of La Hire, those of earlier dates. 

(r) The book that held away in Europe for a thousand years alter its publi¬ 
cation and among the Arabs for a thousand years after its translation wag 
Ptolemy^s AttnoffGsf. No other text-hook that has ever been wTitten had such a repu¬ 
tation. Jai Singh himself speaks of Ptolemy as one of the greatest astronomers ^ 
and one of his most important acts w'as to order a translation from the Arabic 
of Ptolemy's great work. This translation, apatt from its iutmsic value, has a 
somewhat special interest: its title iSomruf SiddAmia,' ‘ the supreme text-book ’/ 
has practically the same meaning as the Arabic title AbJlap'aiy ‘the greatest^ 

, and as the Greek title peyoXiy cnJfTafi^ * the great compilation.^ 

/ . According to Garrett*^ the Samrdf Std'd&ania expresses Jsi Singh’s views on 

^ / astronomy^and thia, probably, ia quite true ; but the implication that it was an original 

work composed by or for Jai Singh is WTong. It was written by Jagganath'one 
V / of Jai Singh's assistants/who was quite unambiguous on its origin. He wrote ; 

Grantham siddhiinta samriljaiii saniTclt ruchayati sphu^am | 

Tushftyai Brijayastiiihasya Jagannitthahvayab kriti [| 

ArabI bhlLshavft graiitho IVlijastmamakah sthitafi | 

Ganakilnam .subodiiSya glrvanya prakt! kntah. || 

Jagannath's introduction contains, besides the usual invocation, (a) Eulogies 
of Jai Singh with which are references to certoin events of some importance* 

‘ It is Had U«»t JsggBt Sitigii g»T<i JaI Singti's ftnrivftlled Ubisry to a ooarteiuMi; it was tbii» 
dMpoiied nail Its lre»sni«siliiitribat«d siuMig tw Wn nlstivea," This would iweoiiiil for ihEr mooeRjiMA of 
tbo iafonutitm now svoUsblo; but tbo talc does tHit sliugrthtir brar the liupniBa of truth. 

* Anulhut title hi SiddiaiUa S4m Sain^utAu. Sor AirraiicBT^uf. Ifun, Tn’s. I'aO., DnAiin, f, W. 

• TAi Jaipitt ObttrmUity and >’fs Nudder. By lieutetuint A, H. OwTrtt, ak,, usLit«d: by Pimdil 
/ ChiwulmdbAT CwlDri, IWh?, pjt 19 and Si, 

•The OoTJud uuugo Dpiuode, the Pt^ uaailfice, imd the iboliUoa of i ccrtun t«x (T tbi»d«»|/BlL 
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(ft) B list of iiLstrameRts and (c) an explanation of tbe source from which, the 
work W'as obtained. 

Jal Singh, Jagatmath says, wss clever in exhibit big the new methcxls with 
globes and other instruments ; and that, with the help of certain learned mathe¬ 
maticians and astronomers, he Lad made obsen'atinns of the staia. The instruments 
proper to an observatory are eaiJ to lie (1) NacSi Tantra (snii-dial), (2) Goln Yan™ 
tra (Sphere), (3) Digarhsa Yantra (Aairauth inatrnment), (4) Dakhshino Digbhitt 
(Mural quadrant), (5) Vritta Sbaelitihi^ka (An arc of sixty degrees placed, in the 
jZ meridian) wrhich, he says, "the yavanas call sJia’g}/kari‘\ (tl) Samrflt Tantra 

(Supreme instrument—an equiiioetinl dial), ‘ the best among the iiistmmentayand 
(7) Jaya Prakaa ‘ the creat jewel of all instrnmenti;* ’ 

Then we are told (in the verse quoted In full above) that Jagutmath pre¬ 
pared this excellent Bi4dh&f\ta SaiHfdj for the delight of Jai Singh [ and that it .> 

is a rendering into Sanskrit for the benefit of mathenjaticians of a work in tho 
Arabic language entitled Mijddi.^ He also tells ua* that *' in the Yavaiia country, 
the Yavana masters of astronomy, Abarkhaiit, etc., found the maximum declination 
tT be 23degrees 31 minutes 19 seconds; and that in Yurian, 39 degrees north, 
it was friutid to be 23 degrees 51 minutca 15 seconds by the observations of 
Vitlamayus. Xlhigh Beg fouml it to be 23 degrees 30 minutes 17 seconds at 
Samarqand, 39 degrees 17 m nutes north. By observation with this instrument we 
found it to be 23 degree.! at Indrapraatba in 1651 Salivahann.*' 

{i() Ulugh Beg’s astronomical tables were completed m A. D. 1436 and be¬ 
came almost as famous as those of Ptolemy^and they formed the basts of most ^ 
subsequent catalogues. Flamsteed used them and ao did Jni Singh, who brought 
them up to date. For details aa to the use made by Jai Singh of Ulugh Beg's 
tables sec below (p. 8), 

(i’n) The Hindu name for the astrolabe is YatUrtt lidja and Garret says * that 
this “appears to be a very ancient type of instrument of Hindu origin’^ and 

also that ** it appears to have been held in groat esteem by Jai Singh as he 

him.spJf wrote a book concerniug its cfmfitniction and use.” As a matter of fact^ 
the astrolabe or Funfro Raja is not of Hindu origin at ail. TJie earliest Hindu 

work on this instrument is of the fourteenth century of our era while numcrouB 

Arabic and Persian worka dating from the tenth century onwards are known. 

The earliest Hindu work known is by Mahendra Suri and was written in the 
j I time of FiroB Shah in Saka 1292 or A.D. I370*/and there are indications that 
it was used by Jai Singh. But Jai Singh did not rely on this work alone 
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Plolrwiy’i Almagul. 

• Frsm ll«‘ CJ'Htt t MS, TEc ikomr^ Jvn ^nmewhU puzEljn^.^iU Ati tor Eip|Mf>'b«i, VitkmnyiH ii 

far F|o’tciurU!i. Uv Tun .a po'wblj RliodM ia Th<i BaUviLkiu is oquir.JeAt to A. D. 1729. 

Indt pr^tlh-A \b y 

^ pv K- Mitf % Cat, 

*1104 wHe t*Rvt>ier with fomjssi'iwttj' wivi priiiii'tl b>' th^ l*ltf Ptuidit i^a^hSkjir Dvir^J it 

B4!fiibrT**, In tlio India OSSiw Library MainnnwiiPi ISlIdJl of this worlcTbHih wm iJdA^^rilitd by Eggfttin^ 

Orff F- | h foliuin s— 

“ Yiintm rfjn of YatUmTajdgijmat, aLw cu^vtl amtl « trriitW m fivijt «hftplor4 

on tbe coiintTOctUfa nnd uw of thw armillaiy mpUsti imd the c^hiiil^Jii id «mnA t#rrt?nlii |qnj!i* 
lu^lerjs iind Utit-udeif, by S^ri ths ^rapil wf MadaMU of * 


A 
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a'lfi certaittly used of the Aralnc or Persian text-bouts on the astrolnbea/of 

which there were a great msiny available. 

ila’icndra desMiribes hfs treatiae as ” This scientific work, the good Yaidm 
Baja, full of much variety and wonder causing, for the benefit of the people, etc/* 
It is ** abridged, e.;9cnce-like, exhaustive but veiy aimple and delightful to the 
heart/' He says (v. 3): " Many Vomntw have also compoBcd sciGutific works on 
this instrument in their own language and according to their owu particular 
uuderstandiiig ” and. he continues, “ having found them like oceans, I now 
compose this work, like nectar, as the essence of them all.” He gives u list of 
thirty-two stars' and then (v. 28) writes r “ After freeing these stars of drih 
karma mark them on the celestial globe , . , . This is u secret 

that has come from the Yavanas/* 

Mahendra’a small star catalogue is of considerable interest because such 
Hiftts are very uncommon in Hindu books and because it is taken from 
Ptolemy's catulogxie. The latitudes are exactly the same as Ptulem 3 '’a in all cases 
but one^and the longitudes differ by exactly 18° o3' in nil cases but sis. 

Jai Singh himself refers to La Hire’s tables (see page 14) and to other 
European tablets ^and in the palace library at Jaipur is still a copy of Flam¬ 
steed’s great work. 

P. de ia Hire was a French scholar of repute who lived from A.D. 1640 to 
1718. He wrote many mathematical works and in 1702 published his Tahil<te As- 
which the first part had appeared in 1G87, This work contained, 
besides the usual tables, a refraction table (which/it ia aaid/jai Singh copied) 
and a description of a machine invented by la Hire to show the theory of 
eclipses. Another of la Hire’s works was 'La Gnomonique ou Part de tracer 
dcs cadrans ou horologes soluires ear toutes sortea de surfaces, par differentes 
pratiques, avec Igs demonstrations guometriques de toutes Ics operations/ This 
was published in 1682 and would have been useful to Jai Singh. 

(i’) John Flanyrteed lived from 1646 to 1720. His nhtoria Cedesth Britanmca 
appeared b 1712, in one folio volnnie, made up of two books, the first containing the 
catalogue of stars and sextant observations; the seciond, obserr-^ations with Sharp's 
mural arc. The complete woryconaiating of three folio volume^was published in 1725. 
Flamsteed himself lived oulylong enough to finish the second of the three volumes. 
The third waa edited by his assistants Ciossthwaite and Sharp. It contains deserip* 
tiona of the instriimcnts uaed by Tycho Flrahe, Hcvelius, Flamsteed hUnHelf, etc.; the 
star catalogues of Ptolemy, Ulugh Beg, Tycho Brahe, the Landgrave of Hease and 
Heveliu8.Vnd finally the British catalogue of 2,935 stars. 

(i?i)*TJndoubtedIy Jai Singh po^ased other astronomical works, but the only 
possible hints as to their identity are contained in the preface to his owu catalogue 
where he mentions several astroiiomerfl by name. For example/he not only 
mentions NasIr-al-Din al-TusT (bom A.D. 1201) but also lii» commentator (Ali 
b. AL) al-Gurgilni. Nasir aUDrn was one of the greatest Muslim astronomers. 


JMaijfflKlri"! IWt iM givfji in Apxjcndis A. Hp fiwpa thd rule of |Tr»€Cdauait u 54 VKund# tmd t 
ms^r ilniMt itXA^ily 1350 pfttn uid tfiii gives tho lUUi bf Plulirm^i 
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He made o1>iH!rvatio&a at the Marugha olMiervatoiy and published the famous 
* Tables.* He wrote numeruus works on astronomy and mathematics^ 

mcluding commentaries on the works of Archimedes, Euclid, Ptolemyy etc. 

Coupled with Easlr abDin, Jai Singh mentions also Jam-shid Khshi (Jamahid b. 
Maa'nd b- AI. Gijat al-Din abK3shI)/who wa« one of Ulugh Beg’s assistants. He 
wTote several works on astronomy and particularly on the Kaqani tables. He 
also mentions al-^fifi (see page 10), 

(cii) Hunter* telis us that he met at Ujiain a grandson of Jai Siugh's 
principal assistant ( I JaganuHth). " Iii hia possesBion,*’ he writes, I saw the 
translation into Sanskrit of several European ivorks, executed under the orders 
of Jaisingha, particularly Euclid’s Elentent^ with a treatise on plane and spherical 
trigonometry, and on the const ruction and use of logarithms W’hich was attached 
to'Cum’s and Commandine's edition. In this translation the inventor is called Don 
Juan Napieri , , . , Besides these the Pandit had a tahle of logarithms and 

of logarithmic sines and tangents to seven places of figures, and a treatise on 
conic sections.” 

We are also told that “ maps and globes of the Feringhees were obtained from 
Surat.”* 


Personal assistance lendered to Jai Singh. 

3, Jai Singh did not rely altogether upon information contained in books. He 
aent to Europe ** severat skilful persons along with Padre Manuel ” ; J^Iuhammad 
Sharif* was sent to some place/ where ” the southern pole was overhead ”; and 
Muhammad Mahdi was sent to the " further islands.”* 

Confirmation of the expedition to Europe is found in the records of the Jesuit 
Missionaries in India. In 1728 or 1729 wc are told^ that Jai Singh sent Father 
Figueredo, a Portuguese Jesuit, to Portugal. Also the same records relate that on 
January 6th, 1734, two priests set out from Chandemagore to Jaipur,* at 
Jai Singh’s request. The account* of the astronomical work done by these two 
priests at Jaipur and on their journey was written, accoidbg to il. 
D’ Anville,” by Father Boudier, one of the priests who made the journey. Obser- 

tKCwanl of Iht Attrvmmiatl tjOimr* of Jtiya SikAa, Sajak of Amhkm, df ^ayaiuiyar^ By 
W. Hmili'r. Aiiintic Vot V., 1790. p- 209. 

" Thiq U tba ^i^l^A^paniXo refi?iTed to on p. 

* Th» sMiifi* to be Lhff Jicratr* of Tod*a stutnmrnt that Jh Sb^sli cauf^ Dtm JtiAn m tlw 

confftrUf't'OD ftiid uaa of kp|&Fitlim£ to t» tTHJialatfld Into ^^Aiukrit.” (il 358). 

* Gtirntt p. £f.l. In the jAlpur muffcom ttwre ia temfltriftl globe atttibtilwl to JbI Singh; and fei- 
the t«jiEfsrutiPo af Ultigh Beg-i ccworiliiiatea bto deebnAtinp natl right ■^niript] m and fairly aoocinito 
cekatiil globe waa nwdd Jai Siii^> ^EsktuntEi (see p, S)t 

* ThcFe Is h trvntwii on the astmlabo (BritiJih Aineefum Adit. mahUMTipli No. 7480) ”Abdn^] Hahlm 
bi 3tiihimijniid 8hajil ftbSbiuff, Thp dat& df tha mMiMcrriirt Im A. H. 1105 (^A.D. 1751). Sm Murky p^ S. 

* GajTtlt p. 20. 

^ i^Jtrw fidifianit* ti di3 i/^’owp iimnjfirtM. ^ouvrdh Mirntmfa da Jnded^ Tmti 

T olM4f 1 1810^^ ppj MO L 

* A jonrotiiy ^ orar k thoussnd mllen 

•ObmrolttmM (aim ^ 17M pur ifr* F^fiu prndaM hur d« Vhndfrnag^ 

A d d Jat'pomfj p. ",8 S>h 

*ur fd Cifrie tfe Farifl HffJ- pL 48, Fathi^r Boudk/s ncovnat wm i 

Eut fuiyiibod till inter, but M. D^AnTiilu obtiOnud tbu from M- Uonp e'mAnU. 











A&TftONOlIlCAli OSSERVAtORlES OF JAI SINGH. 


& 

vfltioQA w<!re made at moat of the important plam through which they imsaed. 
The observatories at Delhi and Jaipur are mentioned bat not those at Denar&s 
and Mathura, at both of which places they made astronomical observations, and tbia 
means that the observatories at Benares and MathurS were probably built 
after their vioit, which toot place in the early part of 1734. 

At the tw’o ohscnr^atoticB visited the following resuUa were obtained i— 

LoDjciludti Ijdnptqdf LfrtKtude 

£iut u^ FaHni, Efuit of Omuwif^h. tiurth* 

Delhi . 7fi’ 0' = 77" 20' 13' 38“ 37' 

Jaipur. 73“ 60' = 78“ 10' 13' 30'’ 68' 

From observations of an eclipse of the gun made on December Ut, 1732, by the 

Jaipur Pandits, Father Boudier calculated the difference in time between Paris and 
Jaipur as 4 hours 65 minutes 34 seconds east of Paris (=70* 13’43' E. of Green¬ 
wich) and Father Boudier himself, observing the emersion of a satellite of 
Jupiter, calculated the longitude as 4 hours 65 mmutes east of Paris ( 76* 6' 
13' E. of Greenwich). In the Letite^ idifiantet et curieuacs we read (p. 239) ; 

. i ' “ Les obRen^ationsf des satellites dc jupiter out faitea par le R^v^rend Pei^ 

Chaubil (? at Pekin) avec uue lunette de vingt pieds, et par les Pikes Jdsuiter 
qui ftaient en voyage avec une de dix-sept pieds.” 

This visit is of such importance as to warrant quotations from early works 
regarding it. We read in the Lettres edi^antes {p. 20Q f.) : " Lc Raja d'Amber, 
Jaasittg-Savafi, dont les Gazettes d'Europe lirent mention en 1728 ou 1729, au 
HU jet d'uu Vf^oyage en Portugal, que )e Rev^^rend Pere Figueredo, J^suite Portu- 
gais, fit par ses orders, mourat en 1743........... Ce Prince ayant demande 

dea peres J^uites de Chandemagore, I’esp^rance de le rendre encore plus 
favorable aux ChrStiena, en favour de qui il avait deji commence une iglisc 
dans aa nouvelle vitle,* determina leur Sup^rieur-G^neral dans les Indes a lu| en 
envoyer deux, qui partirent de Ghandemagor de le 0 Janvier de Tonn^ 
1734, et qui firent les observations gwgraphiques qa*on va rapporter. C'est 
tout ce que leur a permia de faire en ce genre rincommoditf des voyages en 
ce pays-ci, sourtout lorsqu'il faut lea faire par terre, et leur mauvais sant^, 
tons les deux devant leur retour ayout pense mourir de maladle, causee par 
les fatigues et les maiivaises eaux qu'on eat nbligfi de bdre en chemin.” 

In 1775 M. D’Anville wrot^ “ Cet habile Astronome (P. Boudier) ae ren- 
daut aux aollicitations d’un puissant R.aja, nomme Jassing-savau, fort curieux 
trastronomie et qui non content d 'avoir fait construire un observatoire dan-^i la 
ville de sa residence a environ cinquante licues de Delhi, en avoit elce un 

» Ti * Pa™ clw9inr*t»iy b (T IT 30-0 ■«» =S“ SO' ja-fl" E. oi Gcwnwicli, Jaipar mbafirraloxy la Jfl* 40' 
IS-fl' 15. of Gjtscu’wich, wIuIp TJrIbi otwirratory u Tl’ 13' fi' E- nw a{iprDKiin4t»tr wj»ot tntitudra 
n;e 37' 35' N., Jaij-ur 2ft" W' 27' K. 

in ihit latter part t>l tli& Eevintt«Tnlli cfmtiny tho diffimilty d( ^b^rrmtlolt wu pArtiAlJj 

tiFCPcmne hj mw of rwixy t^lc9C=Dp«ii^i>ftt!ti a htmdriKi fpat or lunm Thit J«d to jnUyn- 
rofse#' witboul tubiii of wIugIi k Hirt in i715 gapa 4 ilnvcriptkiAi F^tbvr vfju ^ 

aoiall onp nf th^ 

^4 dipur wu by ill uboul nSfl, 

* d« f/nde, p, 60, 
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autro avec magnificence dans un de ces faubourgs, & appele Jassingpma, met 
3 minutes 40 seconds de difference entire la hauteur rapport^ au Palais du 
Mogol et cet observatoLie, ce qui doone un iutervaile d'envlron 4000 toiitea.” He 
died about A.D. lT92. 

TicfEenthaler, a French Jcaiiit, who landed in India in 1743, the year in which 
Jai Singh died, writes:' "J'al fait trois ou quatre excursions iL Agra et Delhi, pour 
faire visite au Ft, P, Andre Strobe I, que Jessing, Raja de Djepour, enrieux d'astrono- 
mle avoit appele d'aileroagne avec un compagnon/' 

The only other European connected with Jai Singh that we have information 
about/ S3 a Don Pedro de Syh’a, who, according to Hunter^, was a physician 
and an astronomer and resided at Jaipur with Jai Singh. De Sylva, it appears, 
died about A. D. 1702. 










Chapter IL—JAI SINGH'S ASTRONOMICAL TABLES, 


4. The Zlj Muhammad ShdM ii; a set of astronomical tables prepared tinder 
tlie direction of Jai Sin^h and named after the Emperor, Muhammad Shah^. 
Of this work, I found {A) an incomplete Devanagari manuseript at Jaipiu/and (BJ 
a complete Persian manuscript at the British miiBeum. At first^ was supposed to 
be an original work while A was said to be, not the Zij Muhammad Skahi itself 
but^ Uhtffh Saf's celebrated catalogue brought up to date by Jai Singh and 
his assistants. 

5. (A) The Jaipur manuscript begins as follows ;— 

** Homage to holy Ganesh. Catalogue of 48 constellations. From the time 
of Uhigh Beg's table A.H, 841 to the present date A.H, 1138* or 
207 years the mean motion* is 4 degrees 8 minutes. In the Zij 
Muhammad Shahl the estimates of decimation, etc., are taken from 
** the gh»be. Right aacenaion divided by six is apparent time/* 
Two pages of the Jaipur manuscripts are shown in plate hli (Figures 1 , 
2) ,/ and I give below extracts* from the manuscripts together with a 
ta^lle of comparisona. The manuscript givefi : (o) The numbers of the constella¬ 
tions and star niimbers/and these in all cases follow Ulugh Beg’s order exactly 
(&) The nomGncIatiire_^which is a translation from Ptolemy ( through Ulugh 
Beg.) In a few cases the Persian and Hindu names are also given, (c) Ulugh 
Beg's longitudes with 4°8' added for preceaaion, {d) The latitude which in 
practically all cases is the same as Ulugh Beg's, (e) The so-called polar longitudes* 
(what Delambre calls * false longitudes ’) j this is the Smya Siddhdida method 
of indicating the positions of stars, but it also occurs in Muslim works, c.^,, Abfl 
/Ali al-Hasanin the 13th century of our era calcukteB the polar longitudes 
for a number of stars ; aud the presence of these polar longitudes in Jai 
Singh’s catalogue is poasibly due to Muslim and not Hindu influence. Decli¬ 
nations j^ond (j^) Right ascensions apparently read olf from a globe^A) Right 
ascension in ghaiie and folas obtained from (g) by dividing by six/ (A) Star 
magnitudes which seldom dtfler from th^ recorded by Ulugh Beg, 

The catalogue is not an original one J but is Ulugh Beg’s brought up to date. 


» Uui)t»r «nd othni* that Jd Sliish wwf (iholwn by Mnimnirnul Shih to fuJeimi tbe calcadarf but pcotMibly 

wvH \ht iUDver And at thn moiit obtAin^d thip Jzlmjwrur'fi formA] RAn&tkjn, [ 

* A. H, = A-D^ 1437-Bi A^R. llitM A.U, 172^; and Wt Mualini year=2SB'2 Chiiattiiii TGuni. fA.H 

^22—2 A,DJ f ^ ?■; 

» TheTJirwMim. of the H^uinuui to ment Tlw nte h™ given. 4=8 io 397 « (hjatesieut 

ta 5l'A'« ^RAT. Appeimilix 

* Furlb^r mre givifti In A. 

* Ttw polor JonHitnO*! !■ n«rk«l on the wlii>tio 1.y the eirclM of .f«liniiljon. ihnt ia, ibo betwwa 

tht, true Joogito*) Q «Dd jwUr longitud* 0 1. ihjtt portino of Ui« MliptUr betwoeo the 

(ton ond JotitDOo oirolm. The politr hnUudaiJ' f« not givm io thn it„.j i^, aimtUrly. th- «( tho 

d«li4«tkm clwfe betwH>n th« rtw «id thr «Jiplic. The chaoge of eo.oniiii*t« c.n be maUo by help of the foUomi^s 

*.mnubo {ij tan M=. tin Jf. V ( fii) A), -tan \ «< Jf, 


• Cft patoe =1 glitti = 24 miostw^Stlt^gteM. 
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The method of tranafeienoe of cordinatcA employed wbs hound to lead to enrom of 
certain types, viz., errors due to the graduatioDS of the globe employed, and a 
greater apparent error in northern latitudeB, The table has a special interest; 
of its own and an interest in connection witli Jai Singh’s wort as skowtug at 
least one of the sources of his astronomical knowledge. 


Extbact from the Jatplti CataijOgue. 


A 

B 

n 

B 

1 

£ 

F 

Q 

H 

t 


i 

Lop^tuiio. 

l«atiLude. 

Prttaj 

LPD^tucle. 

DeclLDAtuTP. 

Right 

AflcepAiaii 

In ^tia 
jukd p&lu. 


VI 

Cfwn- ' 

M, ■ " 

* * 

j * ^ 

■ t 

♦ r 



1 

Vny bfUliAiJ. 

7 B 38 

+48 30 

7 54 0 

+ S8 D 

131 0 

33 30 

2 


BfrTDnd tMi > 

T S 4^ 

+48 S4 

7 22 0 

+S0 16 

129 6 

38 11 

i 

3 

Abdve t-lift wcflnd 
to thfi oorth- 

7 S IS 

+48 11 

7 SS 48 

+3S $ 

229 50 

38 18 

i 

4 

Tbfr third to til* 
Perth of thU. 

7 7 48 

+80 45 

7 30 0 

+31 15 

133 fS 

39 63 

e 

& 

Nokt tP thn Utge 
■tAr to the HOdth. 

7 IS sa 

+44 17 

7 IS 0 

+57 8 

232 IS 

38 43 

4 

0 

Kwthiiallttlflto 
the RDrth. 

T 11 M 

+44 45 

7 IS 70 

+17 0 

233 SQ 

39 58 

4 

f 

Nc*f to th^ thfl 
lixth to the 
eoath. 

7 Ifi 1 

+46 8 

7 71 30 

4^18 0 

m 0 

30 20 

4 

» 

Ke&rtd poiplHsrT 

7 14 38 

+48 30 

i D 0 

31 0 

37 30 

39 35 

4 



Pnmi PuAmny, 

Hodem 

BMmo, 

Fkioii Utooa 
Bko. 

5^Aj B 

AiTfi 

ULFfia Bx4, 

wimc M8k*1it] 
P^AMirimt ^KOtt'CE p 

n? AJX 1725. 
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IiODgt- 


A leoB. 

A bt. 

1 

A IimSh [ 

1 

1 ai>A 

¥1 

1 
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astronomical OBSERVATOttlES OF JAI SINCIT, 


0 (B). Tlie British Mtisienm maiinscript’ hears the title Ztj Jadid ^^lu/iamtuad 
S/idAi (the new Muhanmmil Shfih tables) and K5ja Jai Smgb Sawai ia indicateil 
as the author. The work consists of three hooks: (i,) On the current eras, 
namelj, the Hijrah, the eras of Muhamimd Shah, the Chri^ian era, and the 
^vomvat era. (ii.) On the determinatiou of the ascendanta. (iii.) On the motions 
of ^e planets aud stars and their positions. 

The first two sections follow Ulugh Beg and the third section is simply 
Ulugh Beg brought up to date. The catalogue of stars is headed; ** Table 

showing the positions of the fixed stars as deteimined at the Samartiaud obser¬ 
vatory.” The catalogao gives (a) serial numbers, (&) coustell^on numbers, (c) 
names of consteUatious and ataiE, (J) Longitudes, (e) Latitudes, (/) Directions, (y) 
Jlagnitudea according to Ptolemy, (A) Magnitudes accotdiug to Sufi.* Tlie total 
number of stars given is 101« (Ulugh Beg's number) and these are arranged 
in identically the some order as those uf Ulugh Beg. The latitudes are the 
same as Ulugh Beg’s aud the longitudes differ by 4° S', as in the case of the 

Jaipur MS. I 

7. The preface to the Zij NaJiammad SAdM is, fromfhiatoricol point of view, 

perhaps the moat interesting part aud is here given in full.* ^ 

Praise be to God, such that the minutely discerning genius of the pro* 
fonndeat geometers in uttering the smallest particle of it, may open 
the mouth iu confession of inability; and such adoration, that the 
study and accuracy of astronomers who measure the heavens, on 
the first step towards expressing it may acknowledge their astonish¬ 
ment and utter insuffieiency Let U8 devote ourselves at the altar 
of the King of Kings—hallowed be his name—in the book of the 
register of whose power the lofty orbs of heaven are only a few 
leaves; and the stars and that heavenly courser the sun, a small 
piece of money in the treasury of the empire of the Most High. 

If he had not adorned the pages of the table of the climates of the 
carth with the lines of rivers, and the characters of grasses aud 
tr(NS, no calculator could have constructed the almanac of the 
various kinds of seeds and of fruit which it contains. And if be 
had not enlightened the dark path of the elements with the 
torches of the fixed stars, the planets and the resplendent sun and 
moon, how could it have been possible to arrive at the end of 
our witthea, or to escape from the labyrinth^' and the precipices 
of ignorance. 

From inability to comprehend the all encompassing beneficence of TIis 
power, lIiPFARCHi-'S is an ignorant clown, who wrings the hands 
of vexation; end in the contemplation of Hie exalted majesty, 

StE ‘ 

■ Khru'i Coiali^ue at Oriewtat MSJf, “ AdJ. H5r*3. FfllLl^2:Ili uhIihi liy 71: JS liiim. 4} Lucixii lotiit; 
^itt«n in KMlit'k. wUli ‘ Unvpn ami goldnil«?d mj^t^giaik apimn^nUy in Oiu ISthlWurr (FnnclB titadvin}.^' 
The StSL is in gixxi eonditkra aod ccrald tmnHv I* rrprodupMl ty 

t h. 'OoiHT, AbH'J-Ku«ia. sl-SaP (diird A. U. USSivrotnon thu a»Bd ititfa, the sfilrolAl^ 

Ac IH- Sntn. IX* ATcuA w. it Jrabt/ ^ 02). 

* Hooter/Ci. Her. V > p- i7S f, i 
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Ptolemy is a bat, who can never arrive at the sun of truth : the 
demonstrations of EUCLTP are an imperfect sketch of the forms of 
his contrivance; and thousandu of JAMt;ulD KAsLhI', or Ka^B TusI,* 
in this attempt would labour in vain. 

Bat since the well-wisher of the works of creation and the admiring 
spectator of the theatre of infinite whidotn and providence SawAi Jai 
./ SiXGB*/from the first dawning of reason in his mindy'and during its 
* progrc^ towards maturity, was entirely devoted to the study o£ 
Diathcmatical science, and the bent of his mind was constantly 
/ * directed to the solution of its moat difficult problems; by the aid 

of the supreme artificer he obtained a thorough knowledge of its 
{ principt^and ndes. 

He found that the calculation of the places of the etais aa obtained 
from the tales in common use/such as the new tables of S’atd 
GurgAnP and KuAgaxi, and '"the Tmahlldt-Mula CAdnd* .4Hjor 
ShakV, and the Hindu books, and the European tables,’ in very 
many cases/ give them widely different from those determined by 
observation: especially in the appearance of the new moons, the 
computation does not agree with observation. 

Seemg that veiy important affairs both regarding religion and the ad¬ 
ministration of empire depend upon these; and that in the time 
of the rising and settbg of the planets, and the seasons of 
eclipses and ' of the sun and moon, many considerable disagreements of 
a similar'nature were found—-he represented it to his majesty of 
dignity and power, the sun of the firmanent ol felicity and domi¬ 
nion, the splendour of the forehead of imperial magnificence, tlm 
unrivalled pearl of the sea of sovereignty, the iiicompexably bright¬ 
est star of the heaven of empire, whose standard is the sun/ 
whose retinue the moon, whose lance ia Mars and his pen like 
Mcrcurv with attendants like Venus, whose threshold is the skyp 


; 


9"T] 


--/ 


i JiBuhitl b- Mes*ud Gij&t »l'KA»hi ww tmo fli L’lii«h Bc«’a wtronnimuM. 

• Nailr al-IHn ™ bom A.t>. R« woAcd ul the Mwlehii oWirntcry «id pohluhed the flHiiotii 

•lltiSilo Tablwu* Hfi tnmelnt«i EndWi EirmfPtfJ! mid I'tolcmy'* Almi$iKK »i»tl w*ute mimy irorlni wn MtKUMiiny. 

Singh wrile* in ih& third iicrson. 

»PuffliMj *AJ1 bv It al-BAijid d-Sirif al COirgfinT. vh» lived from A.D, 1330 lo J 414 m Shirle, imd 
wmtfl B v^iumeBtan' on bITBsi s TadK™ tS« fl. SulerV^e und J,tronomr«. dtr Ar«bfr und 

JhttWakt p. 172) i blit GntBSiu veiU a d«(tgn*Uun of ClnEb Wn fwnily^d Uliifib Beg’» tiible* weto soinstlme. 
lennot! the GoTSSui r-ni'fl [Sw L.P.E.A. F^dillotV d«i Tohh* BfQ. p.fi. *i< ; 

(I'u) 20 and 41 (J«rrttt's odilkm) j Alianrfflio. (i). 204 |HeveriJ|(c » KdiUiMi).] 

» (JflWf [p. OS) mottliam out Jil KhSijSti^ nr iwtiotiomor ahH nstniloner^lKidied in A.IX lim ond w|,6 ieark«d 
inipMviuB thfl fttUtm-JmitBl l*hlc^ The Kha^^ Ublo^ weie eupplwnMitaiy to tht liytUiie bibt» oi Niuir 

al-TCfli Bud were pTtpiwd and edited bj Jemahid eMtlahi. 

* " ManlAiirt t'bind. the jiiitioJue».f, who «>» i»*ioF«jd of o^atoiieM nwl U^'ugh dextenty m the wnenre 

of the eei™htbi% in ihe wrmtioiiine of MtrtmomiwI tahlM. thn eoustraetUm of ™d Um hnerprttotioB of 

Ih 9 rtart W« dupuled lo b# m BtlondeMe nt the poiwhi of tho diiiob ol chMaTy to inliff Uiitt hn mi^t obwerve 




r, 


/ 

'j 


A 

A 


i. 


I VoL U EpvaridgeJ, Hp iaImj ™t the hoTgflff£i|io o( Jnli^ngir in A+D* I57l( AccardiDg lu^ ^ 

L/ un»k ceiten (ih. Uff^T. Sw hJm) wid 3"4A ^ , ^ 

» Ho i« poiialliiy toforrmg to Ia IKpb's and Flniuit«<l't fiwfewwi Bfwhtutuat, *_ 

“ ^ A B 2 
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whose signet ia Jupiter, whose sentinel Saturn—the Emperor des¬ 
cended from a long race of kings, an Aiexakder in dignity, the 
shadow of God, the victorious king Muhamuaii Shah^ : May he ever 
be triumphant in battled 

He was pleased to reply, since you, who are Jeamed in the myateriea of 
science, have a perfect knowledge of this matter, ha\dng assembled 
the astronomers and geometricians of the faith of Islam, and the 
Brahmans and Pandits/ and the astronomers of Europe,'and having 
prepared aU the apparatus of an observatory, do y4 so labour 
for the ascertaining of the point in question, that the disagreement 
between the calculated times of those phenomena, and the times 
which they are observed to happen/may be rectified. 

Although this was a mighty task, which during a long period of time 
none of the powerful Rajas had prosecuted; nor among the tribes 
of Islam, since the time of the maitjT prince, whose sins are for- 
^ven\ Minz,\ Olcgh Beo, to the present, which comprehends a pe¬ 
riod of more than three hundred years/ had any one of the kings 
iwssessed of power and dignity turned his attention to this object, 
\et to accomplish the exalted command he bad received, be bound 
the girdle of resolution about the toms of his soul and construct-* 

. ed here* several of the instruments of an observatory ^such as 
y had been erected at /agreeable to the Mussalman books^ 

such as Zat al-ffalqa* ol bniS, in diameter three gaz* of the 
measure now in use and Zo/ al-Sha^beOain'^ and Zat al-Zaaatain and 
Fai^n and Shdmalak.^ 

But finding that brass inatrumcats did not come up to the ideas which 


^ujajkmniaa Aht&h reigmd from 
' This tUDRt luiTft bc«i mrjUffli belLmi 17311 when Kadir Sluli mckud ItoliiL 

^ III tjfl liBt ■ ■ - - “ J _ n-i m 


. —-- ■—-I' AIKMi U. 

* Thcfte *wni to bd eqnoM «xiirairicdu lot a Hindu U> in% 

* LUn^ Bug inw u»ji>innt«d b A.D, 1 «S vldlu the Itti Jldbnuwid i, , i . , 

in 1728. aLppnninutsIj' 2117 llu«Um ynei^ after, Ihw p. 8. PpMed toIia^A pnbllthB 

* At DatU 

* We ha« ^ little bformation about tlw ol^arratory at flwnarqand. «totib th«t *1. 

«*«lhyriuirhBrg™MhighMthewmjiiitgfSt.HophMatt>>niiUnttiujple,or*bo«tl«lfHiL TJ k 
M troii£»atet> b«d almi dnrued hage iuitruinenta, in A,D. 993 Ahul Wafa rued . ^ j »’eaiiier MmtUn 

inrtrumenb, etc. S« Sedaint't ^ d'Onl^^Brg p. 

for a falJfir accatmt of Afujiliiii jcMruinaiiU. p, exzi^ i, 

^ f5c* UaIow fof A bibliogf&pli^ of boqki on tbe aAtrolabfi Th***! 
ailroitoimoA] InAtrozDeutfl avKikbld. ^ ntunemiu Ara^hk ami Fetaino ot 

■ A ring in^trtmiDnt, arni 'Ita, Apharn a-milkri^ —|KJiiiiD ii 

— Ab Hitrulabe with two ringB or paru. tl h tbe frina^Jini or rtmla ft ,■ 

It the *laiv alhJdado' (NaJliiuj (.321), L. Leldmi le a MS. m r ^ Al-Bartini ealh 

the ..lebtBtad af-fr,WI. MnUo«„.d biT-b^ ^ Ab^Ihl^ 7, T r*”'"’ 
tnjrtmiDOnt (Saterpp, 86 and iSj. * Abhad, Ahu 1 Khmh abu ^de OD the iBHiu 

“ Tbii mnift be tbr sanm aa ihe StuLfktatnla Fanfm «d.J: i. t 

railedaAiirf«/fcifiV' Sec puRei S and 39 . ' '«f™rdiiis to .raggaoiih tho YmTamw 

•* The Jal ftitis ia oatbd vhvmtak by Huntw. 
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he had formed of accuracy, Waus© of the email ness of their sme,* 
the want of division into minutes, the shaking and wearing of 
their axes, the displacement of the centres of the circles, and the 
shifting of the planes of the iristrumenta, he concluded that the 
reason why the detenuinations of the ancients, such as HippAfiCHUs 
and ProUiMT, proved inaccurate, must have been of this kind. 

Therefore he constructed in Dsr al-Kbalafat Shah Jahinabad/ which k 
the of empire and prosperity, instrumenta of his own inven- 


-/ 


tion^such as Jai Praka^ and Ram Yantra and Saturn Tontra,* * the 
seim-diameter of which is of eighteen cubits and one minute on 
it ia a barley com and a haif^f atone and lime of perfect stabiri 
lity, with attention to the rules of geometry and adjustment to 
the meridian and to the latitude of the place, and ivith care in 
the measuring and fixing of them 'so that the inaccuracies from the 
shaking of the circles and the bearing of their axes and dis¬ 
placement of their centres and the inetjuality of the minutes 
might be corrected. Thus an accurate method of constructing an 
observatory was established and the difference which had existed 
between the computed aud observed places of the fixed stars and 

planets by means of observing their mean motions and obsen^ations 
was removed, 

And^in order to confirm the truth of these observations Ae constructed 
instruments of the same hind in Saw'fii Jaipur, Muthr a and Benares 
and Ljjain*. When he compared these observatories, after allowing 
for the difierence of longitude between the places where they stood, 
the observations agreed.* 

Hence he determined to erect similar observatories in other large cities 
so that every person who ia devoted to these studies, whenever 
be wished to ascertain the place of a star or the relative situation 
of one star to another, might by these iustnimcnts observe the 
phenomena/ 

But seeing that in many cases it is necessary to determine past or 
future phenomena i and also that in the instant of their occur* 


• Cf. AJb«™ni Ckronoto^s ] 1 )jwliD wiitoa: ■* It k InipnHibk. to fii thn p.rts of tlio 

«»]» by toMiu of tl» of tlw amftlkst I to tbc< of the iiiHtruioeiiti of (,b»rvotim in con. 

|»rUun vilh tbf TiwUin™ of th« bodio.) wbich to bo otwarvnd. On tbkoubjoct I b*v „onkrandin my boot colinrf 
KiMi^ uattkAAt ’arofaf." l.P,E.JL B&iiilot fp. cimij «» foUowin® JntototUno qnoUtioM J 

' bi J'anb p«. dluit. Ebp-Corf*, fjui* tm t^rclt qui l appoynt d un col^ nur kw EVimuidn «t do Tau^ nr To mtnl 
MmiJittiun, !« I’BoraM fail; car plus I'infftnunont not grand, j.Iub ki opontiona agot juBloa." — 

I [3o|hL 

■ SfM bcLow pL 36 B*Tq+ ^ 

* Tu Tiuitd tbn moaiUtoiuBDbi fiv tho tnihii pwd muat have hen a kiBo aubJt -M aSgnlas. 

* Thifl implipfl that thn XltjUii Ol^rvatory wna oumplatwi bcifum tb« otheta ire™ aUited ; and that all of o 

wvns built bofoto tho preface waa written. Tbia dotna the pndano after 1734 wid pcrhaid aftor 1737 n. IS l 

* WV mnat accept thute Btatejnente al»ot perfect aeiwmeut with acum Motion. Wi> have veir faw nLrd. 
uf .toi Sbigh'a actual eolcoIatiDiu or uhwrratkitu : hia vahie for jmeemien was 81*©* a ynar and lor tlia oil ' 

* 7be project of btiildin^i nheervatotina at other pLacos was aevnr earriad 
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rence cloud ot Tain may prevent the observation—or the power 
and opportunity of access to an observatory may be wanting—ho 
deenieil it neceseary that a table be constructed hy means of 
which the daily places of the stars being calculated every year 
and disposed in a calendar may always be in readiness. 

In the wgme manner as the geometers and astronomers of anticjuity 
bestowed many years on the practices of observation—thus, for the 
establishment of a certain method, after having conatmeted these 
instruments, the places of the stars were daily observed. 

After seven years had been sjtent in this empJoj'rnent' tnformation was 
received that abont tbia time observatories bad been constructed in 
Europe* * and that the learned of that country were employed in 
I '". the prosecution of this important work-^that the business of the 
observatory was still carrying on there and that they were cons¬ 
tantly labouring to determine with accuracy the suhtieties of this science. 
For 4 is reason, having sent to that country several skilful persons along 
with Padbe MahUel^, and having procured the new tables w'hich had 
been constructed there thirty years before and published under the 
name JLiB*^aB well as the Europe tables anterior to those*® 

On examining and comparing the calculations of these tables with ac¬ 
tual observations it appeared that there was an error in the 
former in assigning the moon's place of half a degree. Although 
the error in the other planets waa not so great, yet the times of 
solar and lunar eclipses be foun d to come out later or earlier 
t han the truth by the fourth part of a ghtdi or fifteen polos * 
Hence he concluded tbat^ since in Europe astionomical instruments 
have not been constructed of such a size and so largo diametors, 
the motions which have been observed with them may have 
J deviated a little from the truth.^ 

^ce in this place by the aid of the unerring Artificer astronomical ins- 

‘ ThJ cbmnolfTgj id T(!ij iinirciTtaio- DetUii Obrifirviitary prahabjj nbuqt 1724 luid ihp Ubloi, 

it w uMp TT'Tv fiuiibpd in 171^8 t but then k ihml Inuk iu tn thir Danclwqn thu pnlonii ww wnltqn 

luler. 

* Urmntbar; [Ty'cho Bmhis‘n chwjrvBtory) in 1578 ; Leidcii i Pwie 1067 ; GremiTich 1075 ; Berlin 1 
Fetmlidig 1725; Uj-Ba!* I73(ip otc, 

* In nSft or 1729 the Revt-Kmii Father Fi|pntwHq, a Jmiuit. wnnt tn Et^rnpe by' tho ordpr of Jmi 

Singhs PoiMibiy thk k thi* WLmt} man. Letirts rf 260. 

* HJirti'ff Tt&iiiiK AMiniTwmicit WM publt^^L^ in 170^ see p, 4 Father Boudior, who wmt td Delhi bjkI 

.T&ipttr In 1734, actnully icfvrti tu thb twIititinH He wnlm : IFji *i mrvmtLi, dti k An M. dw In Dins, ^Itiuti 

im tahki 1702, papi? on l tnoavt^ quo Ip cofamrmMfiniriii dp r^lipm il>elkir lonqu^H etalt h Ur^iuo 11 heurfii 
40 mlheitRfl aepondpa du fltc-*/' Lftrex^ fctt iv, 2aB. 

* Wft know ttmt* imHuSoii L& tAblPB^ JaI fclingb tbcwiM of Uliiffh Bog wid Fljimjtrmwl. Thp 

w'jrle TOntnmfl thr tabke Tycb> thq X^td^Tuvo and Othfif jHiuiblP U.b\m sm tliir 

TrtfMiyi Tahk of 1060 ; tbo TnMes^ 125? j Rpbibold'i Pt%wtfjn. Tnbk^, I&91 ; KeploFa £rfifafjiAtn< Ttibtcg 

Mi2T i tables, 166A nmt 100.1 ; HoJIpy'i tnlibw, HIP; 

* 60 ^ 1 I :=24 Mild L 5 pd£djr=4i lalAtitm. 

f Tho iD^trnmotLts lupd by FlArrutprKl (l0#S^!7lfl) were kq Iron Hfrxtant nf 6 hbi mdiiu | a fchns&^fi>qt iiqadrqnl * 
a rttnrml nro of 14^1 degrApt mad nfiiqi 7 fopt ‘ diYklpd with hitbnrto qnnppmscht^d npotimoj' uid vdLb which ui 
biA cnofit TiJtiAhlp wfk m tiACtildd : two clocki imd two tekwopew. For forthirr iMlrtlcukiv of Enro^itAii 

t nilODD iW 
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j triimeiits have been constructed with all the e^tactness that the 
heart can desire^nnd the motions of the stars have for a. long 
period been constantly observed with them, agreeable to observa¬ 
tions mean motions and equations were established j he found the 
ealcnJstion to agree perfectly with the olnservation. Ami although 
to this day the business of the observatory is carried on^ a table 
under the name of His Majesty, the shadow of God, comprehend¬ 
ing the most accurate rules, and most perfect methods of computa¬ 
tion was constructed-^ that/when the places of the stars and ^ 
the appearance of the new moons and the eclipsea of the sun and 

/ moon and the conjunction of the heav'enly bodies are compnted 
by it^they may arrive as near as possible ^ the truth, which, in 
fact, is every day seen and conhmied at the observatorv. 

It therefore behoveth those who excel in this art, in retum for so great 

benefit, to offer up their prayers for the long continuance of ^ 
the power and the prosperity of so good a King,* the safeguard of the 
earth, and thus obtain for theraselves a blessing in both worlds*. 


' MblumiinvJ 4^hih dind in A.1X 1743 aftw the <if Jja 

“ Tlim MU «OTn« Jha that mo not qmie with muib oibef hdi! tH^wB 

The irAiiitkm k Uwl the ^ Muhtmmad wm9 uDiDpLpted In JLJ)* 17£8 and thi* ia* to rmmt^ 

ftxintt^ canBjnnufl by ; the peelm wae writtco wjme Ume nftcr &1J thd obst-rratorke h&A 

kwo baiJtv that k after 17^4, ^ mm Gian 3CKl yiMa after ( thi? death af) Ulugh Bejt lUlujrh 
diml hi A.£L and ao3+3CW=lh^ .4.H. -■ A.0. 174(1-1]. Tha hfgiGinatc coTK-luiiiQn u that the ttrefact* 
^nM aTittinti Kdtiin froofcidurable time after the tahlea, had bciio rnoipLutiHl, 

In jm Garrett wrote of the Ztj M^mnmd have Imn uiwtld to pot-iire the 

origbial orpveii a vednociilar copy*" ojid "‘up to the pfcwnt time the ooly copy of Jai .Siegh^B 
tablen, or SAaki, whkii hai been ohtiiiiird in e Iwok in Persian ehoraetiffa VnfnF^ 

tonatefy mcwt of the figuros are writtezi 'm a kind of cypher, njid fdthiiugb tbr ka^y to thk bw h^u 
JoBiod, the thorottfih eiammatinn of thk work will neee&iiarity iirove a kwjg and kljorioqi toftk” fpu 
Jad 74). Thn Britkh Muneiun Fenaioji In tn oaeaUent coodltieii and ollhcKigh (Ju tables ore^ ofcoariv 
in the il^j4(f not^tiofip there would be no difficulty in translating them. ^ 





Chapter m.— METAL INSTRUMESTS. 


8. Jfli Singb himself teUa us that he first conatracted/ ‘according to Mas* * 
aulrnan books* ioatraments of brass sach as Zdi fU-Hofaqi ZSt al-Sho baUnn, 
and at Jaipur I found a unique collection of aucb instraments, including 
Arabic and Petamn astrolabes, dating from the time of Shah Jehan. 
These instruments ploy a very importnnt part- in Jai Singh s work j to 
appreciate which a proper understanding of them is essent’a!. Enqnirieii 

in other parts of India resulted in the discovery of an excellent astrolabe in 
the Indian Museum, Calcutta; and one of rather inferior worUTnanahip at 

Lahore. Tod teils us" of a dial " on the terrace of the palace of Oodipoor, and 
various bfitruments at Kotah* and Boondi, especially an anniUary- sphere, at 
the former, of about five feet in diameter, all in brass, got up under the 

scholars of Jey Singh.” At the Lahore Exhibition of 1864 certain brass 
astronomical iiistrumeuts from Kapurthala and other places were shown i these 
Included ” two fine astrolabes,” one spherical and one plane, and several dials. 
^ The metal instniments actually examined, most of them at Jaipur, weie 
w follows:— 

A. —Astrolabe. Diameter 13 inches. Seven tablets. Jaipur, EigUTea 5 

and T. 

B. —Astrolabe dated the 3let year of the reign of Shah Jehan and A.H, 

1037 (^ A.D. 18571. Diameter 13 inchea. Jaipur. Figures 6 and 8, 

C. —Astrolabe. Designed by Mohammad Amin bin Muhammad Tahir and 

engraved by A’bdul Aliniah. From Herat. Diameter 7‘3 inches. 

Indian Museum, Calcutta. Figures 9, 12, 15 and 16. 

D. —Astrolabe, Diameter 6 inches. Jaipur. Figures 11 and 14, 

E. —A ZarqSli astrolabe dated the 23rd year of the reign of Auiangzib and 

A,H. 1091, {—A.D. 1680}. Made for Nawab Iftikhar KiSn by a 

certain Zia al-Diu. Diameter 2 feet. Jaipur. Figures 19, 20, 21, 22. 

F. —Astrolabe. Brass, 4'3 inchea in diameter. Lahore Museum. 

G. —Hindu Astrolabe. Diameter 18 bches. Jaipur, Figures 28 and 27. 

H. —Jai Singh*fl iron I'antro Hdj, Diameter 7 feet. Figure 28. 

I. Jai Singh’s brass Yantra Raj. Diameter 7 feet. Figure 29, 

J. UnnatamSa Yttnlra, A graduated brass circje I7f feet in diameter. 

Jaipur, / 

K. Chakra TaJdra. There are two at Jaipur 6 feet in diameter and 

one at Benares 3 feet 7 inches in diameter. Figures 57 and 65. 

h.—Kranti rrftti Yantra. Jaipur. Figure 58. 

M. '--Hindu Astrolabe. Jaipur. 

N. — rkruva-bhrama Yantra^ot ‘ Circumpolar instniment ’ Jaipur. 



»Vol. If, MB. 

* p. 34 for An uwcont ot lUi iiuitmiDrai preiented by thjr RajAh of KolAh to tbo GoToruneni 
111 lod^JL, 
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O. —ArmiUary sphere at Jaipur. One also at Kotah. 

P. —Arabic Astrolal>e. Brass, 5* *7 iuches in diameter. Delhi. 

Q. —Peraiau Astrolabe. Brass gilt, 3 75 inches in diameter. Delhi. ] 

R. —^Hindii Astrolabe. Copper, 7 inches m diameter. Delhi. 

Of these it is possible that all except * C ’ belonged to Jai Singh and it 
is pretty certain that a number of bis instruments have been lost {e^.^ see 
page 31 J, The most important are A and B (which, for convenience, I 
term ‘Jaipur A* and ‘Jaipur B) and the Zurqilli instruEnent E, ‘Jaipur A' 
and ‘Jaipur B' are of extremely fine workmanship, while £ is an interesting 
example of a type hitherto seldom described in detail in £uropean works. 


(K 


U € 
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The Astrolabe. 

9. Of these metal instruments the astrolabe appears to have played the 
moat important part in Jai Singh's work. Indeed in the middle a^s the 
astrolabe was one of the chief astronomical inatrumenta. The Arabs perfected 
it at a very early date and it remained one of the principal astronomical 
instruments until about the 17tb century, and is still used in the East for 
astrological purposes. It was usnalty of brass' and varied in diameter from a 
couple of btches to several feet. The mariner's astrolabe (as used by Columbus) 
was adapted from that of the astronomers about A.D. 14bo(hut was supcnieded 

/ by Hadley’s Quadrant of 1731. The famous scholar Gerbet, who afterwards 
became Pope Sylvester^ had such skdll in making astrolabes, etc., that he 
was supposed to have sold his soul to the devil. There are many references 
' lit medimval literatuie to the astrolabe. More than three centuries before Jai 
Singh, Chancer wrote his TreatiM on the Astrotabe. “ Trust well,” he says, "that 
alle the conclusions that have be lounde, or else possibly might be fousde 
in 80 noble an instrument as ;s an AatroUbe been iinknowc parfitly to any 
mortal man in this regioun, as I suppose.” 

10. The type of astrolabe principally used by Jai Singh was the 

astrolabe or asfroluhinift plauiepfi^rum, in Arabic called Ziit (Tonsisting 

of tablets’) like ‘Jaipur A‘ and ‘Jaipur B*, to which the following description 
particularly applies. 

The corpi/a astrolabii is a circulax disc with a raised edge into wbicb fit the 
several parts of the instrument: 

(i) The containing disc is termed the maicH* (^. umm) and the inner part 
of this is the venter* while the raised edge is caUed the Imffa or rim.'* The venter is 
often inscribed with latitudes and longitudes of important citte^' (Figuiea 13, 
14, 13). 

^ Qowtt refen Ui oiut of f^ld t him hb nBtnbba he EiKmo, whjoh WMm 4i| ins guki pifooioaii, 

with pciintA ADfi citcIm turveUIoni/' 

TIm GmniidH imtroUbv d«>scnbiKl hy H. B. CoofHr {JBAS 1904, fiSf) hu lilrcr knoliii tm ciKh pointer 
of Ihc J4 thy BritLih MEurom uro aevejnl minid vitJi EilTer ^ tmd ovidiuitlj bad mame 4cirt of 

jrmil &101I in tluF Iruivi (hoc Sg. I 2 ^ilt Lpfitzumonta kts not nnsoinjiioiL 

> Jfodor, mothor, natnla^ * Also mtjh of foor. 

* Ala n cnlli^il IliUK^bnm or LimboB, ij/tr/ra (lido) «tcL 

c 


/ 
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(h) The ‘an^ahiU or aranea^ is on open work disc morked with the ecliptic^ 
the signs of the zodlec and a nnmber of stare. It is placed in the venter 
and can he revolved. The branches on which the names of the stars are 
Written and the points of which indicate tihc positions of the etars are termed 
shasdtd or ' splinters.’* * The pointer at the top of the ‘ankabfit at the first point 
of Capricorn is termed the jni/rt or index* (Figures 5, 6, 9 and 10). 

(til) Several thin discs or tablets*, marked with almucattlaratifi, asinmth circles, 
hour circles, etc., for various latitudes, etc., fit into the body of the astrolabe, 
(Figures 17 and IS), 

{**?) Tlie alhldade or* sighter revolves round the centre on the back of the 
«io/cr. Each arm has a perforated lib/Ki' or 'tile’/which is sometimes hinged on ^ 
to the alhidade, European astrolabes sometimes Had another marker or label^ 
without sights for tise on the front of the instrument. {Figure 7.) 

(e) The tablets and alhidade, etc., are fixed together by a pin (Ar. qufV^ 
which b fastened by a wedge termed by the Arabs faros or ‘horse,* and often 
fashioned into some resemblance of a horse’s head.‘* (Figure 24). 

(m) The whole is suspended by a ring (Ar. fialqa) joined to the 'iw-ubA or 
handle, which in its turn la riveted to the projecting part, tarsi or throne, of 
the mater. To the ba]i]a was sometunes attached a cord (Ar, *ildqa}, 

(mV) The back of the astrolabe {Zahr al-nshirldb) b all cases has an outer 
graduated scale, two upper quadrants and certain shadow scales. It is often 
inscribed with tables of use to the astrologer and geographer; the details vary 
greatly, {Figures 7, 8, II and 12 ), 

The fiighter and graduated circle (fig, 7 ) on the back of the aetrolabe 
form the part of the instrument used in actual observation ; while the 'tablets’ 
and the * uniahill (which rotates) and the graduated circle on the raised edge 
(ku^a) of the jttaier form a very efficient calculating mac hin e. 


The Tablets (Safaih), 


11 . Tbe ordinary disc or tablet is marked on each side with atereograpMeal 
projections of the horizon and alnmcantaratB. azimuth and hour circles for a 
particular latitude and also the equator and tropics. 


* Alao nett ittin j Alfinrubutli j oto, 

I /6r oi thi^ nir, 

* Jr«Fi iQi aLjsrfl of the hfwi af GuiiriiK^ni]: Almuty, Odtwiiur. ItenUoIo. trie. **Thfn AlmTirr U 

^ Donticl.. ofG*pri«inio. Thi»«iBi^ ttlnunry rit fi. U, tlie hiK) of Mpricoiniv,’’ CJumcw I 23 . 
Jir Tym|iiiiiA, T^buiv fiigkfmjmp ^ 

* {Af- 

*i*r. 'Joor pupt ’ j DJoptm, M<>di<.liiUim. Vcrtinilujn. Aljd»J«, efc. T«in«f ff5S7) de«e«li« tfii. 

xiyduto thiw; “ AJtriiwla or QDtliiiliniaiii. in n liinb a« pnt tm* littis plnn or Ublep to Uid of 

thr . 1 , 1 . ot tho dny nod of »hr ot night, of which ™e go«h thioiigh th.i ooatni of tho 
a o>llL<d Ui.* Imp of (met, Iwcauiio it hrinj^th onslit a[ thing* pmothusd there." 
t T.boll., Pinnn, PiimuJ. ; dh/d. 

■ OetcoHr, indpx, prtitt. time, vtt 


*Aw,. .fohUot, Mvilta, oto; nUmir (.Tiff), uwft^f fiUlre) 

D E ifig. 21J. The former (1>J i, from the Indin Offlw iVt.™ «t,^].l« E f* tat„o 
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The almucantarate are circles of altitude.^ the abuucajitarat of zero altitude 
b«mg the horizon {EHW in plate V). lu the diagram alruucantaiata are 

^awn for 40^. 20^ (as weU a, the br.rizon. 0^) and are marked a«. 

, The number of almucanterata varies in different astrolabes: if there is one ioT 

^ each degree of altitude/the instrument is called tamm or 'complete'' if for 

every other degree/it is termed nisfi, * bipartite ' and so on, Jaipur A and B 
5 and 0} are tamm or 'complete'; Herat C (figures 17 and 18) is ■ 
while JaipiH D (figure 10) is itudsi or seitpartite. 

Aaimiitli lines are drawn at right angles to the almucatitarats/ These are 
seen m figures 17 and IS/^and in plate V portions of certain azimuth circles 

^3.1 etc., are drawn. In some tablets these azimuths are continued 

below (to the north the horizon. 

Temporal hours.-The temporal or unequal or planetary hour lines are shown 
m fipires 17 and 18 and in plate V by the broken lines fi #„/, <*, ctc.^ They 
dmde the time between sua-rise and sunset into twelve equal portions and 
therefore vary m length from day to day. These divisions of time gradually fell 
into disuse (see page 87) and equal or equinocHfll hours were introduced. These 
are shown in figures 18 (but not in figure 17) and in plate V they are marked 
a, Cl, Cl e^t etc. 

Honaes.— The tablet is sometimeB divided into teelve astroJogical ‘ hoiiaea ’ 

The bounda^ hoes of^these are eeea io figt^e 17 and in plate V ate matited 

etc*^ {See appendix B), 

Longest days and latitudes— The latitude for the particular tablet h gene- 


M ABVD VJ FKpr«4ctit th& erf Cttnricom wnd 

If msajttrt tTw. «» iLo point H <m thd inlttietfon of Zd 1 

be eijuntor aod W »|ifBainitit di« eauMinr. E lw>inu tl... __ r>r ,h,^ . „ V1-^ ^ 


ftro 

rni 


A 

*be eijUntor aod S^NW th^ equiAtiJrp E beillK Unj rtoAivm r^nJnf I 

... “ T”” r 

ho rntErimn pointumhBhorisba. T1 ,e opposite iioint on iho 


■/ 


The uiglug 

tho *«iitli. >ni! n, tbo rntridinn point un ih# horisln. T 1 ,e oppositeTnThT 

(=0) moetB ib*i mrridiin lino A'8 |»od„c«t To ohuip » riwte {iilmuciiiitMutl for nltitaL in H 
ugee frum S, thu Aoutb point of Uir cquutor, [j*»itivo direction ^R'lnTid join both^h” 

points to £, the point on the laqutttor t tho diebmcti Itutwen the point# inti!reei>!*d ,« H 
A S i* tho dl-ootor oi tho oirole of «Jtitud„ «. P»iht#int^™pi*d on tLo tiuo 

*Ip the dimaiam .VZ, =.»£=*. tho latitude of the pW ai,d El, oul# ttn >■ .t 

in the nadir a, Tho boiiron iii g™|„a[«l by tho «nith, Z. and the (freduisdna an "ho !!“ / 

and onrh ayimoth oirole pa«ira thmoBh Che tonlih, nadir and the point on thfhorJon u> wfathT'"’”^ 

talas, whilf> tho ernlrta of the aiciainth ch^Ie. h„ the lino panaJh-I to EiV and l.iwotina Z ^ 

'To tla, tnra|«ra.y hinir dmWdivldo the day fH,rtlno (that hr tho portion .L 

,n the diagren.) of wA af the thwe oin,l«^the tmpie of Caprioa™. tho orju^lor, and tho trol 
oer-,ntotweU <ieqnal pam and draw eiroloe t, ,, t, / thrnngh «ob trio of eotrtejwnd^ 

For the equid hnort draw through JT, ihr centre of the eLle uf the horizno. a niioh> eoi,eI*trie^iir*r 
eqnator and fropi^ (^ante thi. dmlc at intenak of IB 6^^ „arth,g fwn. the eonti Jit 1 
proceetUnz weatwanfa With the eouth point «.d to «uteei«lon the other point, td gmdut.tion « 
and rtdjus eciiial to the rndiua of the hoHaon draw are* r.e., fj,. o(e. trom th^ «T i / el! ’ 

com to that o( Caneer. (Thtiir are* will p^a thnnigh the equaJ diviaianii ef the eqnator 

fw lemponJ honraj. The «anlt of thU Moatmotion k that any point on the eelipiH J iki 
totaled. pasM* from one eqqai hoot linn lo another in one tJntV-foiifth of » leveiikn ^ ***'“* " 

^Tbe lh.ea that dlride the hon«. p« dnnnjjh fl and //,. the point* tomn^nT^L hori™, . 
meHdJan, and pcinte on thn Equator at intenrak of 3tl degtew starting from tl.e En.t and / 

Their eontm* lie on the line that pa«««, ihro.igh X (the eh^tre of the M of the horknnV „nd U 
j to ih* EmI and West linfl, Tho point* of Inlemeotion nf thian boiiM linn with tho EolLtle^ ^ 

! etape. (For furthor dotaib^w ji 
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rally written just below the ufk or oblique horizon, EWH} on the right ol 
the meridiau tine; while^in the corresponding place on the left of the meridian, 
the length of the longest day of the year for the particnlai latituidie Ls generally 
given. Id figure 18; for examplehave 


Bours 

Latitude 

13 4T 

28 


In some cases the name of a city is also given. For example * Delhi R ' has 
“ Avftriitikayfim 22 ” and " AmadSy^d’ 23.” 

(mV) Special Tablets .—In the ordinary astrolabe the number of tablets 
varies to as many as nine—not counting the 'ankahiit. Generally one is a spe¬ 
cial disc for horizons on one side and celeatial co-ordinates on the other and' 
occasionally there are other special tablets; the rest are the ordinary tablets, 
already described for several latitudes. 

Horizans. —^The tablet of the horizons (aJ-^/ihah al-dfdqiyaJt) is shown in 
figure 1C. The horizons am arranged in four sets—one set in each quadrant 
consisting of six or seven horizons—and below each of these sets are two 
scales termed al-mait {sharnSli or janvbi) or the total obliquity (nor¬ 

thern or eouthem). 

* Ankabat co-ordinatefl- —On the other side of the * tablet of the horizons ’ is 
generally the * tablet of the latitude ol the oomplemeut of the total obliquity/ 
This really gives the celestial co-ordinates (longitude and latitude) and by its aid 
the positions of the stars on the 'aukabut can be at once read off. Morley 
seems to have thought* that this was an ordinary tablet for latitude 681^* N, 
but it 1 b quite rightly described aa ^a/7^a/t mizan al-'nnkabiit, * the tablet of 
the measure of the’ankabat.’ It occurs in moat of the astrolabes I have examined. 

(iz) The Lahore Museum astrolabe bus a tablet for the latitude of the equator. 
Here the oblique and straight horizons coincide and this line is marked al-maghrib 
lah 'the west—no latitude’ and al-maahrik al-ar^ lab, * the east no latitude/ 
Below the horizon are concentric semicircles which appear to be circles of decima¬ 
tion : a similar tablet is in the ‘Delhi Q' instrument,* Another curious tablet 
belongs to the Jaipur Hindu nisfi astrolabe (described below p, 3| ) and is for 
latitude 72* North. It has engraved upon it only the three circles and the 
almucantarats (none being numbered — the only number [nscHbed being ‘72.’J 
The India Office Hindu aatrolabe contains a similar projection, but more complete 
and is marked athia 72, hard 23. 


>' Avjimti i> UjjAui, tbe t*tilude vl whiob i* ruuoblj 23* IS'. Tie Lititude of Aliinod»bA«I h njipituxt 

23*^ 6'. 

^ * Modoy My* J ** Tlirte Iflat tm mBntiptutd to hmB beea tubi ns tacidiTiS* thu 

^notion ol tbo ordinary tabSsjU^^ut ht £b not right in tht is&aand isaafs, 

^ ^JUt-iley {pp* 12—lai dwiiribfe^ thw laWift* for "no bUtad^' mnd giv^ diagniM JT^ and 

One Ulon^ to thts Imlb Office Ftrsiao iL*trolHb«„ BuotfauT^c Vaux utrokbe, ih^ tMrd tbi India 
O^ioc IfiiuiiL 
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rfl, ^t^Iabe (Delhi Q) that was fihowti to me in Delhi there are two 

AaJn “ tahlet with co-ordinatee for latitudes ao" {13'^ sfl") and ‘>3“ na^ 

°" T"' “ "'■“‘'“roao for ktitudM 40 (U- s'l-j L,a 

aA-;'3.^ 

rrork '‘”'‘'"“1 (’**')• The •«»»*, or Vaet’ i, .» open 

work tablet «> arrauged that the one below it may be coayeiuentlT eeen 

thf'^ifll’ A “lipfie eiiele* with the sLa of 

the aod^ and a number of the more important northerly etars The nointa 
M, of tbenet workindieatethe poeition. of the stare,'th^ o, Xh 

are engmved on the branches. The number of stars Tories with the sine, etc of 

JLtnTrhr 03 “ ““ 

i. “»*“ ornamental part of the instrument: it 

IB soinetimes jnhud with aiK-erj Jaipur A shows the forma of the constellation 
arn^a etc. The ■ankabat is not used in a Baed position like Z otier 
ablet^but can Iw mUtud and thus k ^mploy^/in corabiiiatirm with the tablet 
placed beW/for fbidmg tho poaitinn of any ^tar at a given time, the ascen¬ 
dant or horoscope, the time and length of the day, etc,, etc. 

13. Back of the Astrolable (Zahr al-Ailurldbl 

The back of the astrolabe b uatially covered with a great deal of in- 
omwtion uaeful pnncipally to the geographer and astrologer. The several instm- 
mcnts differ m detad/^but the general arrangement is much the same. The 
ctmtcnfes may l>e mtighJy clas8$fi^ tbtia:_ 

S uTu ‘f' ’7"*’'''?' “ 

1 ™ ^ ™s.,te of s graphic tnhio of .sines, 

in TJ= S”"® Wrali qnsdrant* u inscribed with declinstioo grspbs etc 

(d) Shadow scales (lower periphery and central rectangle) 

(e) Tnbl« of sigM, nmnsioos, piaoets. terms, faces, etc.; generally eon- 

. 1^5 semi-circlea of the lower half of the disc 

Spocial tables contain^ tn tcctangTes auch as: 

(/) The times of the rising of the signs (fn the centre of Bgnre 8) 

to) Tngons or triplicetes end Ibeir ragentst (In the centre of fignre'ld and 
nght of figure 7). ' 

(A) Table of eUmafcesf (Lower part of figure 7). 

(0 Differences between true and nominal yearn (Left of figure 7). 

(fl) The peripheTT of each of the upper quadrants b graduated into deames 
commencing from the cast and west points. In - Jaipur A’ (figure 7) the degrees 
are dmded into quarters. In conjunction with the alhidadc or sighter these 
graduations were us ed for measuring altitudes and other angles. 

jraridm. Ui. >, S o, IS. ra^S. e, CUwl-s. rL ^ XTrr S' 

Ln« th. polt «f tl» Cdlplto to iho gr«J«tian- oo tl« oqo.tot, Th^fe S 

f«. of rooTM, At UiB p*nti* of Uw d»e, Brhiltt tbif p^\o of tho retipUo « At a f™tn o 

Cjipft.iimAteiy It I. Kn™tup„ 

^ TJio nuutb point Ib at thu top iha 
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(&) The 'quadraat of sines’ occupies the south- east ii^uadraiit and occurs in 
most mslnimeata. lu some inatrumentfl the vertical radius is diWded into sixty 
equal parts and liacs parallel to the other radius are drawn to the circumfcrencfi 
from each point of division (figure 12}; m others j^both radii are so divided and 
horizontal and vertical lines are cka^vn from each point of division (figure 8); in 
others ^ horizontal Hoes are drawn from each degree on the quadrant. The 
vertical and horizontal scales indicate the sines and cosines of the correspond¬ 
ing angles. In the description of the Zarqiili astrolabe below (p, SB) the use 
of these scales ia explained in more detail. In some inatruraenta arcs for 
30*, etc., are de.scribed. 

(c) The south-west qiiadrout in most instruments exhibits a sort of yearly 
calendar. The horizontal and vertical radii arc divided into six equal divisiousi 
figures 7, 5). From the points of division arcs are described and the names or 
numbers (figure 27) of the signs are written in the spaces, six on the horizontal 
radius and six on the vertical, in the following order- 


3 

4 

5 6 

T 

S 

Vertic*] . * Cancer 

Loo 

Virgo Libra 

Scorpio 

Sagittarius 

Borizontal . Gemini 

Taurus 

Aries Races 

Aqnarins 

Capricorn us 

2 

1 

0 11 

10 

9 

This diviaion^^ combined 

with the 

graduated eircumierenre 

forms a scale of 


circular and angular co-«rdinateari^Tid on this scale are traced various kinds of 
graphs® showingfor example— 

(j) The relation between t^ie surt'a right ascension and meridian altitude 
(figures 7, 8 and 37) i 

(«) The meridian altitudes for certain latitudes (figure 12) ; 

(uT) The altitude of the sun when it traverses the azimuthal circle of the 
Ka'bah at Mecca[ 

(iv) The temporal or unequal hours (figure 11}. 

(d) There are generally four sets of shadow scales* two on the periphery of 

^ 1 In thjfr (Hgtii# 12) anti t.fee IlmwuJn fbp mmn diviiionsarD cm e^oaJ but ftt-upor- 

Ilona] to ihr* 

* F%uw 37 show* how the guttp (i) b MatwtntGlcd for kUftiifc 27 For mvh pair of flignj^iwdli 

miLT^ing thp uiglp ot tb« dtridjun altitude n( ihfl lun are iiid iho joints of mti:tTwctiai]| of tlioss 

rmdil with th(t "*8^ are [rjiiiifti. Tu n!*kp thv gruph eoirtfirt mtamtedkto 

pointi mxiKi* of courw. ok* 1* Figure 11 ihcw« the nnn^tial botir Acirocriiog to Tkkmbro 

dll p. 243)tlii]i U firal dtr«ej4licd in a sinuJi work hy SaoolHTfico (d™ A.Dp J2erii|. 

It oocnre ™ many old iwitrokJjw, hut tt mUj roughfj «pprQiiniiit<> mitiltn. Tot^iitruct thme bonr 

lifw»/lhi: arc ol thj* tjuwirpiit Li diridod into six oqual pturta ami a feorni-cireb erected on one of thft bounds 
idg radii Thb b tJu- sixlh buur line and tho nthin mm arcs ol cireks of which Ihn cantret nrti on thn 
imiun mdiiWt htil m% point* omuidktant Emin the oentte of the quadrant and freno the auocmiva jKiuila of 

diTvioti cm the mre of tho quudtant 

■ ^ mhowi how ihese teales are ooiiBlrueted. Thnrfl arp generally two kmda of ^oalai_ono 

for A 7-tmil gnotuoo ntid the olher for a 12-nidi gnomon^ The seuil-cirolc Bce ia biflefrLDd at and 

Mkd at® bifioetKl 11 e ii£tJ d. The line W, whieh b biiie[Ttod at ci, im the biib Jar both icmlea f the 

part b divldt-d into 12 equal divuloni nnd T oqiial dlrbimu and th^fle r^^liMElonM are cootie 

fiHOirt] ua tbiTir re^pOGtive ildiB#; be far m b ecinvenibnL Lin«e ioinui^ the paintB of diTkion with the evsntrs 
* trut th# aitfl Aod tki email rental reGtanglr^ imd form on them tbo ihadow imbi. On movt &slmM>ss 
the 12 nail iealei are cn abt and hj?* etCp i and the 7^niiit ucalefi on and tl The ZaHjaH astrolabe 
bam, however* in plvw nf the c«^lral reclyingle, the ammlbr reim-oiral^^ Vanutfona oooiif, 

the bft*b Linfl (br*) pb«d TErtiesUy UiTOugh h and th&a {jnidiiiiteci " 
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the Iqhm LaU of the disc and two in the central fectatigle. In the ZarnSU 

^ leTZi;, .T'l- !r'.' ‘ ""=“>« “•“dow 

J Z i “ ‘™““' itspiuBon-bytlie 

tl.« ImI ■>' 

pie Jista ot the signs, maimJs, terms, faoes. etc. TW tables are 
generaUy for astrological purposes and they are exptamed in some detail in a 
ote on astrology appended to this volume (appendix Jl) 

borne of the special tables are of great interest TJ.n f^ii * 
taken from A. B. and C (%ir^ 7. B and 

(/) A table of rising signs is given in the ceutruJ rectangle of ► Jaipur B.' 
Table of time, of rising of tie .ign. for the latitudes of certain oUies in h^ia. 
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This table and the rule on which it is basM 
in medieval astronomy and ast^ologv^‘ ^ ^ important part 

(<?) Trigons.—On the right of the lower half of' Jaipur B ’ffiinire ai «n T ‘ 
tu. centre of C <bgo,e i« o ..bio .boding .bo r.^L of 

_ W Trigons and th eir Hegeutg or Lords. 
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JopiU, oo. .bo Mooo oeouo i„ .boi:' 
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ASTRONOMICAL OBSERVATORIES OF JAl SINOH. 


(A) Climates.— The table of climates occurs only on Jaipur A {^gure 7) 
towards the bottom of the lower half of the disc. 

Table of elimates. 


C!Luiatvl 

Fttzrr. 

6£oo]rD. 

TuirBu 

FOb'JlTH. 

Plfi ^ 

filXTB, 

1 t^TIMTlI. 

BctflnningA 0) 
mkldl^ (bII 

b m 

b m 

b nt 

b m 

b m 

b lA 

b m 

LAtktudH + 

12 It iflii 

20>* ^4^* 

30” 

33“ 36” 

3i* 41“ 


47*‘ 4B‘* 

HfittrA 

13* 

13^“ 13” 

13“ U- 

1 14“ 14” 

14“ m 

15*^ IS'* 

l^Jii IflB 


This topic of ‘Climates' recalls a most interesting chapter in the history of 

civilkation. It exercised the attention of such astronomers and astrologers as 
Eudoxus, Eratosthenes, Hipparchus, Manilius, Ptolemy, Dorothea of Sklon, etc., etc. 
The sabject presented difficulties. The iramber of climates assumed varied^ 
but generally a chorographic system^ which applied the seven planets to the 
seven zones or climates^; prevailed. Abo, according to Paul of Alexandria, 
" each sign corresponds to a climate or parallel, and by virtue of its Ttigon 
to each quarter.” For the mathematicians^ the problem was to find a progres¬ 
sion corresponding to ascensional differences. They took the length of the day 
as the moasure'^^and progressed from one climate to another by half hour stops. 
(See appendix C.) 


(i) The year. —The rectangular table to the left in Jaipur A {^ffure ?) shows 
multiples of the differences between the approximately correct length of the 
tropical year and 306 days, thus: 


07” 

S40« 

302“ 

ICS” 

rr** 

asq'* 


175* 



s 

7 

0 

0 

4 

1 

3 
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1 

2 

J 


so 

70 

CO 

oc 

40 

30 

SQ 

10 

aw* 

164 ■ 

0 S*t 


G7” 

2C2* 

106“ 

11* 

IM” 


The table gives tifST* 33* 0")—0.360“ where n rang^ from 1 to & and 
from 10 to DO and o ia a whole number.® Now 87“ 33" 6'^ expressed in time/ 

b 6 hours 50 minutes 12‘4 seconds^'and the length of the Wpical year was 
fluppoaed to be 365 days 5 hours 50 minutes 12'4 seconds.* 

" ^ 4- 2A 

* The oi the day *» --- whuNi tim A = ian fan m. 

t For «aai]jk‘ !W 33^=30 jsr 3,r 4 - and 

* A Britiisli Mo^eoni ^LEokbe dati^d A, 10VO t^A.U. 1650-00) by MjibnitijiitHl Mokitn tbe 

t4mA LabCiw ' ^ 

4UBAtlAn1 giTBa NaJHm} giT^ thf$ fall^wtog not?m utio iHtmuonii» li W rtATTAi 

ftArt«fii cxoflcfcfitinn rtivoLutbiuN {fad at^vri^ mimk^ quantit^tem (gn&dibus PKprnsiuxtJ qua SdUa iptoji Ambitus 
Itfia dk* <r£i?«dil, {nir«rninRi nb utnmptxdM kbulTfjKt : — 

in ppvHciida a|-SlmiiiJ!iL£fifyyali. . . * , , , - 80"'43* 36* 36^'47^^ 

rkmuuBriia iLrbf ^ OO"" 4i* Sa^ 14^ 

AYnby^A^bn AblMAtisflr * ^ - * , , * * 13^^ 4#“ 

to tobuli* Aub l^iiliaah ftriiuAiu quuititatcm itjqtpit, rotundfi ECfilwiig 86'^ 43^ 31^ 37’^^, grulib^a in 
l^mpiiA eonrimutr ^ 6p» Jf^yrutam^n L pp^ 42 tb 211^ 

Ttk» pmemt a( the tropical yimt "Xpmeed in mLw bum b 305 dnyi 0 hmin 4.8 tnmn iM 4§-5 AumuJ* 

or 365'2412 tluyit tuHidy. 
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14, The fa(%. — {Wajh) or Venter.—The inside aorfsce (tsifn/e/') of moBt of 
fche astrolabes is engraved with a list of cities and tbeir latitudes and longitudea 
and ^'sometimea,, their position relative to Mecca.’ The last is indicated hy the 
tnhirdf or ‘ Inclination' and the masaf^ or ' distance ’ and jihnt (aide or point 
of the compaas). Tlie inhiraf is the arc of the hoiiTOii intercepted between 
the meridian of the place and the vertical circle paasing through the zenith 
of Mecca.’ The Maaafat is the distance of Mecca measured along a great 
circle^ and the jihat is the quarter of the horizon in which Mecca lies. 

Jaipur E (figure 13) gives the longitnde and latitude of 210 places and 
also the districts in which they, are situated/but does not give the inhirSf *etc. ; 
Jaipur D gives 3fl towns; the Herttt astrolabe (G) gives 44 places with the 
inhiraf and jihat; the Shah Hussain instrument gives 103 places with latitude:, 
longitude, iuhiraf, musafat and jihat; the Lahore astrolabe gives also 36 places 
with latitudes and longitudes only. A selection from these astrolabe gazetteers* 
19 given in an appendix (pp. 127-8). 

The longitude Ls in all cases reckoned from the * Fortunate Islands.’ Com¬ 
pared with a modem atlas the differences for a few selected* places are— 








l/snptttrlB 

LaUtOile 







di (FefD.'ioB. 

dt ETcmiqe, 

Maragli^h « 

•i -1 





, 35'= 43' 

0* 1' 

Bughd^ « 

m a 





. 35' 22' 

O' 4' 

Shiraas ^ + 

w * 





, 35^= ao' 

0" 6' 

Nisahtlr 

A 





. 33' Sir 

O' 13' 

Yezd 

A m 





- 34' 30’ 

O' 22' 

* Isfahan 

* ¥ 





. 34" 56' 

0° H' 


The difference in latitude may be taken as some criterion of the accuracy 
of the determinations, but it must be remembered that the precise localities of 
the observations (old and new) are not known/ 

The longitude differences point to some place about 35 degrees west of 
Greenwich as the point of origin. Tlie zero meridian therefore passed through 
the Azores. In this matter the Muhammadans copied the Greeks/who fixed 
tipon the ' Fortunate Isles,* possibly, as the western end of the world. These 
‘ Fortunate Isles * were originally imaginary islands where the soak of the good 
were made happy, but later the name became attached to the Canary Islands. 
In the Ain-i-Akbart^ we read: “The Greeks commence their reckoning from 
Kbalidat which are six islands in the western ocean, which in ancient times 
were inhabited, but now are inundated, etc.” 


^ Sfie the eXfplkiit IHUa bdot Purajihr^^ di tattfrAnht irrittrsi In A,D. I'lAS bv de 

MatitpiPitjn’, who itftmM ihi! vcnlor - Miroer du ' ptid g ves on it ail adual mmp c£ fL 

■The nnifHimM po^imU of tiiB old el 1 ugTaphe^^ ^ 130-7 i U A, Memmrr., &7f - A 

the (Ed. U. pi 26 ^ Ao. 4c. ' / 

^ Thfi- vnTiiiKflf rFivirn An xniif nininin't-A nTJimInfwl fnp- hev ___ _ 


At Muigheh* 


* The givKti on aII the iiutninieTite Exanrnifid for ihtm eii places an the aap^ip ; 

Boghd^ And NiidbOr wor^ miporkont obfierraloii^ 

* One Beentid at longitude at Delhi is roughly o^plmleiit to About 30 yaida • verv runi^l j a oiUe 

impute of ATOp (At ktltude ime dtigtvQ of Jongiludo=11641^9 iimtaTw=afig^a? ) 

i£«L OlAdwiii/a./3il. 
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ASIHONOMICAI. OBSERVATORIES OF /AI SDfGH. 
Some of the towns and their positions are given below:- 
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Xnae pI Ti0«^ 
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JaboUfvb^ (D^rhi) 
Ijiliana , 
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A 

+391 

+34 

+29 

20 

+3] 50 


. ^ * ! ■" t..J l ow »g scales and 

tallies /which ate, more or less, common to aU imtrolalies. Beading from the 
circumference towards the centre tlicj ujc 

|o) The t»-o upper .pMdiaiita -are graduated for erery three degreea* 
(uumbe^ lathe «b;ad notation) also in degreea numbered in A^io 
numerals from I to 80^'nnd in one-aiiths of degrees .'or every twelve 

(h) The penphciy of the lower quadrants is graduatod by shadow renin 
a twelve scale y and on the right "a ‘ seven 

(c) The next complete annulua contains the signs of the zodiac Mich are 

accompanied by gradnatlons down to intervals of twelve minutes 

(d) Next are the fwanrtia or 'mansions of the moon*. 

(e) The planets^twelvc to each sign^with graduations for ei^iy 2S decrees. 
(/) The planets—nine to each sign—with gTadastioq''for every 3^00' 

iy) The planets—five to each sign—with their limits or terms indicated. 
(A) The planets—seven to each sign-at intervals of 4 | degrees 

(») The planeta^three to each sign^These are the 'faces' of the partiedar 
aign. 

(/) Again three planets to each sign. 

(^) Another pair of shadow scales. 

{1) Separated from the others by the smaller shadow scales (jt) are the names 
of the European months with a scale ahowdng the days of each mouthy etc The 
instrument was made m A. D. iflSO and correctly indicates that spring eoi^en'ced on 
March 10th. 

20. The central part of the disc consists of a projection of a sphere and a table 
of sines.* These are illustrated in figure 2^ where the quadrant OAB forms the table 
of sines. The arc AB is diT-ndcd into degrees/and from every point of division iinea 

' - -^---- - - - --- ^ 

* Of thsafrt9 li> j a» m tlw appendix on ftatitilogj (p. 134). 

• On mn uUukU nudo SflrJIIiii in AH. flOft (AD. l2tl-JS} jgimilAr oonAnivtfiiiw <%n fonmi 

fttUnkw by UM. fiaiiTsiK nnd PAiUuidi^ /{wim| )S03, S tiiie. i, pp, ei. uil iSit 


thit 
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are drawn perpendicular to OA. The radius OB is dividisd into GO equal parts/atid 
lines are dwwn parallel to OA. In the diagram sin 40® reads 39®, H or '65, hut 
the instrument itself is mote accurate than this. The radius OD is didded into sixty 
equal parts and/through each point of diyision/circles, also passing through the 
^ ^ points A and C, are drawn. These area arc orthogonal projections of great circles 

inclined to the meridian PA' of the sphere ABCD. For esample, the arc passing 
throngh the division numbered 50 represents a circle on the sphere inclined to the 
meridian at an angle ^/such that sin 4 =|g (=-836). Now the arc 50 in the qua¬ 
drant CB touches the horisontal line 50 which cuts the are BA at 66l, therefore e 
= 66i factuallv sin 6C|r«*8339]- 
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Chapter V.—HINDU METAL INSTROtENTS. 


21. Hindu astrolabes are mostly of modem workmanship and of modern pattern ; 
but at Jaipur there is a Hindu copy of a PerBiim astrolabe that is of interest. It is 
of inferior workmanship^, and was, apparently, never properly completed. It is a 
thuUhi or tripartite instniment and has two tablets, for latitudes 27° and 72° N.^ and 
a tablet of celestial latitides and longitudes. On the 'ankabht the ecliptie is graduated 
at intervals of 0 degrees (figure 30)^ and on moat of the points no names are engraved. 
On the back of the instrument (figure 27) is the usual table of sines and declination 
graphs for 27° and 28° 39'. On the lower half are the usual shadow scales but nothing 
else. 


Morley describes two other Hindu astrolabes^; one belonging to the Royal Asiatic 
Society and the other to the India QMce.^ (1) That belonging to the Royal Asiatic 
Society is a bipartite instrument^and appears to contain one disc only for latitude 
24°N. The ‘ankabut has 23 points with the names of stars engraved thereon. The 
back has the table of sines and the shadow scales. (2) The India Odice instrument 
ia said to be of poor workmanship. It is a sexpartite instrument, 3 mchea in diameter^ 
Within the umm is a table of 16 Indian cities, with latitudes and lougitudea, the latter 
reckoned from the ‘ Fortunate Isles,’ e.ff . — 


Jaynnpuf 
njievani . 
Delhi 

Benares . 


Ijilitudfi. Ljll^iluda, 

2(3^ 36' lo9" & 

23“ 30' UO" 50' 

29° 0' IIS'* 0' 

26“ 16' 11T“ 20* 


There are seven tablets—aix for latitudes 0,° 17’, 18°, 20°, 21", 23° 


27°, 20°, 32'and 72°^ and one with ^ usual horizons on one aide and the 


24", 26“, 
* aukabtit 

co-ordinates on the other. On the back is a set of tables^termcd pemtnakranti. 

In 1790 R. Burrow related that he ** (Compared an Astrolabe in the Nagry 
character (brought by Dr. Macklnon from Ja^uiagur) with Chaucer’s description, 
and found them to agree most minutely, “even the centre pin ^ which Chaucer 
nidlrt * the horse \ has a horse’s head upon it in the inatrument.”* 

The only other ordinaiy astrolabe of Hindu make and of any age known 
to me is R in the list on p. 17, It is engraved in Devanagarl character and is 
of very crude workmanship as compared with A, B, C, D andE. Itia of copper, 
of 7 inches diameter, and contains two tablets, besides the ecliptic tablet 
(' ankabut). The venter is plain, while the back has only the central rectangular 
shadow scales, the sintts qtuidranius ruled into 30 equal divisions, and the de¬ 
clination quadrant divided into even spaces by 15 arcs. The two tablets ate 
tripartite and besides the almucantamts and azimuth lines have the equal and 
temporal hour lines. They are inscribed thus;— 

(ii/) Longtat day 33—30 (aj Loiigcst day 30—24 


Ava^ti. 


LatHude 3T. 


^ The Iwlift Offioe htstramonta ore nov in the tnd An eoation it tbs .^ontlt Kpui O|{ton Uu^eunt, 
' » .^fistic BtMtania. Vot U, pv 4Sl. 
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lid^tEtade 22 p %^badf>w 5, 

HypotMUBo 13, 

(fij Longest day 33^ — 50 
AMAi>ivIi>, 

Lntitude 23. 

Shadow &—^6. 

HypotettUAO l.V-3- 

The latitudea are here given in four diflereat tvayaifi) in degrees, (u) in length 
of longest day (in ghat?9 and palas). (tit) in length of the equinoctial shadow* 
or (iv) hy the hypotenuse of the equinoctial shadow or 

These' may be expressed thus;— 


Bh&dow 

Hypotenuse 15, 

Tablet of horizon without 
any mimhers or imeriptioiia. 


ViLlTEa ttjf rus IjybTHUlIKST, 

CALmLATXD VAiUZH. 

Lal 

1 

cIajh 


1 ^111 ^ 

r 

Langeftt. 

(an ^ 

1 

UK ^ 

D 



ik. >it. i. 



k. 


- 


22 

33 

30 

= 1,1 *i 0 

iV 

A ='38S 

11 

^ m 

-m 

-373 

£3 

33 

50 

= 13 32 a 

is“ 

la-T' 

11 

27 13 


-391 

37 

30 

34 

= IJ M W 

,v =-750 

A ='floo| 

1 “ 

30 4« 

-7B4 

*5Stf 


22. At Jaipur are two largo single disc astrolabes 7 feet in diameter—one 
made of some sixty sheets of iron rivetted together (figure 29).and the other 
of brasaj^ patched up with lead (figure 29). Prom the iron instronient the gra¬ 
duations have disappeared. The brass instrument is tamm (complete) ^'for 
latitude 27*'N. It haa an ecliptic circle ^ and a tube sighter of modem work¬ 
manship. These two ULstruments may possibly be of the original metal instru¬ 
ments referred to by Jai Singh (See p, 12), If so they were probably brought 
from Delhi. 

23. Tfte Unnatdih^a Yanlra is possibly another of Jai Smgh*s original ins¬ 
truments. It ia a graduated brass circle^ 1 7| feet in diameter Suspended so as 
to revolve around a vertical axis. Jai Singh speak.s of an instrument “ Zof- 
ai-Hatqa (consisting of a ring) of brass, in diameter three gaz of the measure 

now in use." (See page 12) fcut the Zfit al-hafqa is ordinarily an ai miliary 
sphere. 


The Chakra iarttra (circle instrument) ia an equatorial. There are two 
at Jaipiu- each fi feet in diameter (figure 57) and one at Benares, 3 feet 7 
iuclies in diameter. The Chaltra Yantra b fixed so as to revolve about an axis 
parallel to the earth’s axis. At the southern end of the axis of the instrument 
is a separate graduated circle^ fixed on the supporting pillar. The axis carries 
a pointer which indicates the hour angle on the fixed circle; and the main 
movable circle carries an index and sighter (figure 68). 

The Krdnli VfiUi iatUra ('Ecliptic instrument’) . found at Jaipur only is 
quite a modem instrument but is said to have been made according to 

i Th* fonmoQ u soppcHAd to be (vetre unite W 720 lunutnw in Innatli. 
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JiiggiARath's instructions; and there still is at Jaipur the old masonry 'work 
for a much larger instrument of the same type. The Krauti Vritti Ynntra 
is used for direct tneasiirements of celestial latitude and Inngitnrle. It comdsts 
of two brasa circles (figure 58)^ pivoted ao that one alwa}"?! moves in the plane 
of the eq^uator and tbe other in the plane of the ecliptic. It is more aiiitable for 
demonstration purposes tlian for actual observation. (See page 51.) This is the 
Torquetmn of Regiomontanas (1434-1471)), which was rejected by Tyisho Brahe as a 
clumsy instrument J 

24. At Jaipur 1 was sliown a nitiden] Hindu astrolabe or Yantra Raj, dated 
Samvat 1709 (=A.D. 1877)* It is a single disc thuUhi or tripartite instrument 
^ or latitude 27“ N, with an ecliptic circle and ruler. On the obverse of the disc 
are engraved azimuth lines for 30“, 00“ and 90“ and also the temporal hour hues 
and also the names of the follow iijg stars 
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The ruler is of the same type as those employe^l on the face of certain 
mediaeval Kuropean instruments (see p. ^0). 


25, The Dhruva Bhriima Yantra or ' Circumpolar instrument ' is another 
modern Huidu instrument of rather crude workmanship, li consists of a 
square plafee/with a slit near to and parallel to one edge_- and a freely revolving 
wcighietl index with four pointers. If the plate is held vertically in such a 
position that the Pole star and the star Alarkati (Kochab or 0 UrstlB Mittoris) 
are in line with the slit^then the pointer marked Ghafi will indicate aideral time 
in ffhafis* The other pointers indicate the rising sign, the sign on the meridian ^ 
and the rising, meridian and setting nak-shattas.* The back of the instrument 
ia 111 ar k wl riirlyn Yoafra (quadrant inat rumen t),( and consists of a hinged rod, 
two sighting rings on the edge parallel to the sliY and a graduated quadrant 
consisting of eleven scales. When the sun shines through the sighting ring 
the index shows the altitude and the time. Also a list of the 28 nohhaira^ 
(initials only) starting with Aivini and proceeding in the usual orderi is given, 
and to each a.stcriam is attached a, n umber varying from Ijj _ 

Se^. ittr A*frOYWmHt V- 161 L. E, DreTTB/ Tyrke Braitr iK ai7. 

■ Himiiia m'kcm ihek Hdoinl tfOM tl* ruuig of tbt? viniml and it dilfpTV fn>m 

tttms bjr $ haniifl, 

» StiCt p. fl3 pk-e X. 
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fi. Other iDstriiments.—Some time before 1539^Eaja Rhjii Singh, of Kotah 
preaented to the Government of Imiia an jii-strument aimilar to the Dhrnva 
Bkrama Yanlra dcseribed above. The Eaja’s instrument was of massive silver* * 
amt wns made in A.D, 1834. On the reverse is the ‘sine quadrant’ iiauady 
found on astrolabes (see page 22). 

The armillary sphere referred to by Tod (see p. 16) is still in existenee, 
and is a very elaborate affair/ although not of much practical ose,* 

At the LahoFe cxihibition of 18G4 were several astionomicaJ instruments of interest 
—particularly some a.4tiolabes from Kapurthala. The list of imstnunenti;—drawn 
np by a Hindu astrologer — is ctirious and valuable.' One of the entries is~ 
Yanti Raj—the ustuiliib of the yimam.” 


I o} tM A§i^t¥^ cf 183I>^ pi. 83IE. 

* I Btn iiidiibtHl ta Mrs. Bitrqngh ot Kotoh lor Uru of Tod^a jtatamAfit mid Cor 

A pHiiiogFmpli of tho armillary ipbers. 

* Stfi ft. if« Biulvn roWT]]'i ZZond 2^1^ o/ Manufatiartt osil ArU 




CfjAPTEB VI.—SUSOJmY tKSTRinviENTS. 

27. Tli« masonry mstruments, whinh vary in siy^e from a few feet to 00 
feet in height, are Jai Singh’s chief work. It has already been related how 
Jai Singh discarded brass mstrumenta ^and buUt massive masonry ones in their 
place. His reasons appeared to be, but were not altogether, sound. The brass 
inatruments were, he said, faulty^because of their mobility and si 2 e,» The axes 
became worn and the instrumenta untrue ; the graduations were too small for 
fine measurements, etc. His remedy was to make large^ immovable instru¬ 
ments : hut he thus stereotyped hia designs and hindered father imptove- 
UientB. The larger and more immobile an instrument is^ the greater b the 
difficulty in making alterations and improvements. Jai Singh sacrificed facihty 
for supposed accuracy- 

Hunter states that Jai Singh himself devised the Samrat Tantra, the 
Jai Prakas and the Earn Vantra. These three instruments are indeed peculiar 
to Jai Singh’s observatories and must he to some extent attributed to Jai 
Singh’s personal ingenuity.* Jai Singh used other stone instrumental such as 
the mural quadmnt and cylindrical dial but these were not mentioned specially 
in the preface 4 because they were common to many ob 3 er\'atories. They are 
however mentioned in Jagannath’s introduction to the Samraf Siddhdnta fseo 
page 3). 

' The masoniy instruments are 

(«) Samrd} Yaulm at Delhi, Jaipur ( 2 ), Ujjam, and Benares ( 2 ). Figures 
34, 35, 43-4fi, 00 and Plate XV. * 

(h) Joi Pral-as at Delhi and Jaipur. Figures 30, 32, 33 and Plate XTOL 

(cj J?dw 4 Yantra at Delhi and Jaipur. Figures 47, 43 , 49 , G 9 and Plata 
XVII. 

(d) 3"£Mi/rfl at Jaipur, Ujjain and Benara.i. Figures 63 65 and 
Plates XXIV and XXVI. 

(e) Daicihivotritii Yantra at Jaipur, Ujjain and Benares. Figures 56 

and 62. 

(f) Nari^'aldya Yantra at Jaipur. Ujjain and Benares. Figures 53 and 65. 

(y) VfUli Shastam^ia at Delhi and Jaipur. 

(A) MUra Yantra at Delhi. Figures 50, 51 and Plate XIX, 

fi) Ea4i Valaya at Jaipur. Figures 64 and 56 . 

{]) Kapdta at Jaipur. Figure 31. 

The last three of these injjtrumcnta are possibly of later date than Jai 
Singh, They are mentioned in neither of the contemporary lists. 


4 TW MoilfMl with till! pnKedarD in Etuopo w inteiMthig. Th* Ettropi’iia KUtntlit mragnhied the 
hiKtUAhility df ettur umI ttxpk tnuunm to «oitoton«ct it with the mierointtor, vernier, teieKude 
«ighta,ete., etc.) Ewn, • muduro Uieodolito/e* n naeful Aetronomiiiel iiulrnnieiit/i* worth matv Uiau 
J ni giash'e lelge LuiUiDgi. P^ibly Jai Singli'a pmnr uul weaJtb jihIimJ him to qiuva ia a ditnUin 
tliAt emki not ktnd io tfan dmml end. 
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£8. The Samrat or ‘Suprtme uiftrument is, as its name' fmplies, 

the most important. It is an equincetial dial^ conaisting of a triangular gnrmou 
with the hypotenuse parallel to the earih's ax^s, and on either aide of the 
gnomon is a quadrant of a circle parallel to tho plane of the eijuator. It is 
in principle one of the simplest ‘equal hour ^ sundials. 

In figurea 34 ami 35 AH is one edge of the gnomon, the angle ABC is 
equal to the latitude of the place, EF and (iK are at right angles to AB as also 
are DF, MU, If EL la the direction of the sun then the arc KG indicates 
he time before noon, and the angle HGL the declination or Bun's angular dis¬ 
tance from the equator. In the actual structure the coneiderahle width of AA* * 
and GE (each being over 0 feet at Jaipur) practically duplicates the instru¬ 
ments. Each edge of the quadrants is graduated in hours and minutes*^' as 
well as in degrees^ and each edge of the gnomon has two scales of tangents^ 

one from H to B and the other from F to A* In the figure ton IIGL=^ 
and GH ia the radius of the quadrant MKG, 

The shape of the gnomon is generally a parallel trapezium as^; in figure 
34, ABB'C. In the Hame figure OE represents the position of the quadrants 
as they enter the gnomon. I1G=FE is the radius, and the lines radiating from 
E and G show the ccinstruction of the scales of tangents cn the edge AB. 

In the foEowing list the examples of the fiamrat Yantra are enuicerated 
nnd their dimensions (with reference to figure 34) arc given. 
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These dials give apparent solar time which varie-s from day to day/owing 
to (1) the ei’centricity of the earth’s orbit and its consequent more rapid angular 
motion in the winter (when it is nearer the sun) and its slower motion in 
summer; (2) the obliquity of the ecliptic.* Consequently a cluck going re-* 
gularly does not agree for long with aolar time. In India there is another 
element of difference to consider^due to the standard time being fixed F<it tlie 

^ W ilbaias Bsy0 the jimbiB tiii.iT]f wui * iii UiutJ 11 dm i| 

■ Tli^'jr origiiLMlj grwlwjitpfi in tmil 

* Tbf'w ans two piruicifpaL tftuwg hui nil QtlKx caiuh^ coinbim^ unij &lt«r the nqu^tiaf] of tbutr hy 
A r#w ^ 
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and the inside of the circnkr wall arc gradnated bi acalea of tangents for altitude 
and azimuth observations. The height of the wall from tlie graduated floor in 
equal to the distance from the circumferetice of the central pillar to the Inside of the 
wall. To facilitate obaeirvation the floor is broken up into sectors (see figure 47 and 
plate Xni) and consequently, as in the ease of the Jju Prakas, complementary 
buildings bad to be constructed f see figure 41). The walls also are broken upl and 
one section of the wall corresponds to one sector. At Delhi there are 30 
sectors each of 6 dciiees, in each building, but at Jaipur there are 13 sectors only^and 
their angle is 13 degrees in one instrument and 18 degrees in the other, the 
Bi>acea between them being , icspecth'ely 18 and 12 degrees. 

On each aide of the wnU sections are notches in which sighting bars can 
be placed horizontally. The constniction is illustrated in plates Sill, XVII. 
and XXI and in figures 47, 48 and 40. Figure 41 gives a good view of the 
buildings as a ivhole. Esarupiea of the Jfdm I'aiilrti exist at Delhi and Jaipur 
only and the Jaipur instrument is quite a modem one,* 

The dimousions of the two instrumentB are : 
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31, The DigamSa Yantra (‘Azimuth instniment’Jyalthough not actually men’ 
tioued by Jai Singh in the preface is given, however, in JagannSth’s list (see 
p. 3), It is a simple Ji-nd useful instrument , and examples of it still exist 
at Jaipur, Djjain aud Benares. The matrument consists of a pillar surrounded 
by two circuhir walls (see plates XXf and XXVI. DD). The central pillar is 
generally about 4 feet high and the inner wall the same height^while the outer 
wall is twice that height. 

Cross wires are stretched from the cardinal points on the outer wall, and both 
waits are graduated. The inner wall is a convenient height for a man to walk on 
and to look over the outer wall. By the aid of a movable string and an assist- 
out, azimuth {horizontal angles) obHervations can be made with fair accuracy. 
The instrument may be described aa a fixed large circular protractor. 

The dimensions of the several DUjamia Yattiras sre— 
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Jttgimnllh’a descriptiin of the Digaiiila Yantra is as fuUowa “ Mate a 
cifcle on the giotmd with' any ladius. This ciicle ia called the horizon. We 
shall have to make three hotiiona here. On the firat drele hulld a solid pillar- 
On the second cirtile huild a ring-like wallas high as the pillar on the Hist 
circle. On the third circla make a ring-Uke wall twice a.s high aa either of 
the former. On all these horiEona mark the east to west and north to south 
lines and degrees and minutes. StTetch tightly two threads across the exterior 
wall to represent the east and we.st and north and south linear intersecting at lighl 
angles over the centre of the horiaems. At the centre of the pillar, fis securely 
one end of a string, to the othc^ end of the string fasten a stone and place 
it over the edge of the third hociaon. This thread is called the * thread of the 
circle of Tision,’ ” 

The Karivalaya Yantra Circular dial'l is mentianctl by Jagaiuiath and 
it occurs at .laipnr, Ujjaiii and Benares. It may be described as a oylindricul 
dial—-the axis of the cylinder pointing north and south/^and the northern and 
southern facea beiiig parallel to the plane of the ei’)uator. At the centre of 
each face, and at right angles to it is an iron style surrounded by circles grad¬ 
uated into hours and minutes and ghaf is and prdoa . respectively. The shadow 
of the style marks the time of the da^, and the instrument also shows,, very effec¬ 
tively the passage of the sun acroas the erjuatnr (tlie e(|uiiioxes). See figures 
33 and 63. JagannAth remarks about this instrument thiit it is not of much 
value because it only giyos readiiiga for northerly obourvations. This applies 
to some extent to the Benares imtniinent (sec figure Oo}. but not to those at 
Ujjam and Jaipur. The latter, Jhowe^'or, is i^ulto tnodetii. 

33. The Dakshinovritti Yantra (' Meridian circle’) is like the mural (luadrants 
found in most modiaval observatories. It condata easeutlally of a wall in tlva 
meridian^ and on the wall are two graduated quadrants and centre pins (sen 
figures 56 and 62 and plates XXtV and XXVI) which ware used for oltaerving 
the altitudes of heavenly hodiea w’hen passing the meridian. The instrument corres¬ 
ponds to the modern transit circle. Originally there was one at each observa¬ 
tory, but that at Delhi has been destroyed. 

33(n). The Shasbtamsa Yantra ('Sextant ’) occurs at Delhi and Jaipur only 
and is really another form of meridian circle. It is a large graduated arc lying 
ill the meridian and i.s biiiit in a ‘ dark room * at the bottom of the ma-sonry 
work^that supports the huge quadrants of the SamrAt Yantra. A small orifice 
some 30 or 40 feet above; admits the light of the sun at noon .and the image of 
the sun on the graduated arc marha with fair accuracy the buh’s altitude. It 
is thus the aperture dial of the Muslims (see p. 32). At Jaipur there are two 
‘dark rooms,' one under each quadrant of the Samrat and b each room ara 
two arcs; the radius of each being 28 feet 4 mches. The ' dark room ’ at Delhi 
is at present maccessible. 

34. Of other ma.sorvty instruments, there arc the Mi^ra Yantra ('mixed instru¬ 
ment’) at Delhi and the Hast Valaya (zodiac dials) at Jaipur. There aro some 
indications that the«e two instruments, or rather sets of bstruments, were not 
devised by Jai Singh and thetofore they will be described b detail when the 
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observatories at Delhi and Jaipur are dealt with. The most notable feature of 
the Alisra Yautra is the set gf arcs for meridians at Greenwich and Zurich 
the west and two coirespondiiig places on the east. The Kaii Valaja is a set 
of twelve dials^ connected with the rising signs and which show the sun's latitude 
and longitude. ^ 

35. Of these instruments it is claimed that Jai Singh devised the Samr3t; 
Yantia, Jai ParkSs and Ilam Yantra. The evolution of these instruments will 
be dealt with in a concluding chapter "but it may be remarked here that Jai 
Singh’s ingenuity was chiefly concerned in the transference of designs « previously 
executed in instruments of comparatively small size^to huge masonry inatru- 
ments. No new invention in the onlinaiy sense of the w'ord was attempted. 
The SamrSt Yantra is. in principle a very simple form of sun-dial, but it is an 
efficient instrument and, as Jai Bingh designed it, a dignified structure, ‘fbem 
is, BO far, no evidence to show that the tangent scales ;^^on the edge of the 
gnomon had been previously used as on the Samr^t Yantra ; therefore, besides 
the general design, we may credit Jai Singh with this device. The Jai PrakSiS 
or ‘ invention of Jai aa it may be called, and which Jag^annath calls the 
‘crest jewel’ is really a sort of combined armillaiy sphere. Possibly the astro¬ 
labe projections suggested the idea to Jai Singh. In a manuscript copy of a 
work by Abdul Ali Baijendi' (died A.D, lS23X:moat of the detaihs of such an 
instrument as the Jai Fraka^ are ^ven. Jai Singh's duplicated instrument i^. 
howeverju^his own design, and probably the introduction of the culmination sign 
lines must be attributed entirely to his own invention. 

The Ram Y'antra is only original with respect to its size and the duplica¬ 
tion of the instrument. The meridian lines of other places on the MMra Y'antra 
at Delhi was not a new idea. It had, at any rate, been worked out for vertical 
guomona. The RSei Valaya seems to be entirely original, but it is of doubtful 
utility as an instrument for obseiv'atiun. 


* AWnl 'Ali 11 M. NlcAia Aj.Uia nl-Rmjtiiujt mite a w' mwmntaj y on tiw™. 

of tbo Almagttt, a oomnwntaiy on NaiTr al-DEa’j UcutiH on tbo unvUte, a noimnit on tjJngb ^-1.1-, 
atnatwo on Batnuomy, etc. I an iadebtiod to KbBji RaMilii r Pfr MaxnSar A^Lmod of Delhi fnr the Icwn erf iW 
maniuoiipi. which waa writUm Dut by ooo Qabad b. ‘Abtlul Jali] in A. U. lUflA at IlyiteTiiibitl, Ita 

date and ite pmvnoe at Delhi niggoite the poaatliilfty of ita having cro«e belobgcd (o Jai Bjngh'a library. 
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CHArrEK Ml.—THE DEUIT OBSFUVATOttY OR JA^ITAR MASTAR. 

For the Delhi observatory, known as the Jan tar ManUr, we have the ioUowing 

approximateij* correct^ elements 
Latitude 28° Sa 
Longitud*- 77* IS’ B' E- *^1 Orcenwich. 

Height above the spa-levcl,, lifl-'i feet- ^ ^ 

Mu^motie dceliiiatiuu E. 1’ 45*. in 11*15. Anuuttl . 

1 ^’al time 13 minutoft 12 seconds after standard time. 

3 B The observatory is 3 miles furlongB almost due south from 
Ghaib till Tr^onometrical Sun.y point on the Ridge near to Hmdu Rao a 
House’ It is I from the Jama llasjut. 

T rtiA nritiected new city the observatorv borders (on tlie east! the road leadi g 

ooentW will be a uoUblo feature in the Impenal Capital and, apart 
historh-al value, it Is desirable that it be made, by suitable aiirroiiiidmgs 

nrnnpir r 6 storatii>ii 5 i ws (lignifi^tl ii3 po^iitblc. ^ 

^ *^7116 general plan= (Plate Xlll) of tlie obaen-atorj- show, tlie lolloiruig atruc- 

The SomriH Y^n,m C Supreme in.tn.menf ) a bug. equinnetial dial. 

Figures 40, 43-4fi and plate XV. > . * ai,_ 

lb) The Joi Pratm; cnn«istdng nl ta-o heini.i.herie.d etroeh^e J®t to 
Bonth of the SitmmI i’anlra. Figntea 41 and 42 nnd plate X\ HI. 

( 0 ) Tl.e Itam ro-do. eoMeting of wo eimnlar hnild,^ to the south of 
the Jai PrakiiB. Figures 41, 47*49 and plate XV11. ^ v^«yr^ 

(d) The VfisiKra (‘mixed iiujtraraeat’),,^ north west of the mraf 

i Figures 50 and 51 atul plate XIX. 

ie) Two pillara south-west of the . 

/ V measuring platform >t- south of the Mmra \ antra. 

1 , The samrat Yantra k the eentml huildmg of the oh»rvatorp. t m 

* * j iTnTmsine although a considerable portion of it is below 

tbn larpet nw po ^ g, ^ ,„adranguUr eaeavation 

L is feet deep. >23 feet from e«.t to r,e,t/ond 120 fert from north to 
“'“Th Th “toSi U OS f«.thigh. of which «0-3 feet i, above the earth a 
“"j tom eaet to went and llfo f«4 to«t north to sou.h.| The 

TtaiU ’ate evhibited in the plana and photogmpha (plate W and ligurw 40, 
, T -nm ea«,tinl parte are the inelined «lgee of the huge gnomon and ho 
;:ian^ atoched L it.' Th e edgee of t;;e_gnm;^ ^ to the celeet ^ 

4 _ ____ __= , r . i ftog ^ -rn* n' hii*i *1 Pans tb& 

» In 1734 Fatlicr nmirtior, wlm bellifii (TKr Idiw^Iuii'* oI llir Para uWiratury 

obt.a.u«l 2S 30 O'. s« by ito PaMir W-irk- P-i«hrtiD«ui, ««J»/tl« 

flt Wr. Olen,E*MHtiv»Ertjjii«>w- 

• For tbo tb«ry <3t ihn iiutPim.dt^s r-»' , 
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north pole, tUt is they make an angle (2a°37') ..nth the horizon equal (approri- 
matelv) to the latitude oE Delhi and are parallel to tie earth’s axis. The 
quadrants (M K G E D, figure 35) are at right angles to the gnomon and therefore 
the circles of which they form part are pamllel to the plane of the equator. 
These quadrants have each a radius of 49-5 feet, and are graduated on cac 
edge in hours, degrees and niinutesS the scales on the northern edges being 
marked in English and those on the southern edges in Indian symbols. Tlie 
edgts of the gnomon i^re marked with soaks of tangents ^aa alreaily e^cpiained 
(page 3«, see figures 34 and 35). The shadow of the edge of the gnomon on the quad¬ 
rant gives the local time. In figure 40 the time is about ten minutes to four 
in the afternoon. The sun’s declination is found by observing which part of 
the gnomon's edge casts its shadow on one of the edges of the corresimnding 
quadrant/(see page 3 tl). 

Ln the mass of masonry work that supports the east quadrant is a chamber 
which contains the Unlra. This is a large graduated arc 60 

degrees hi length built in the plane nf the meridian ^ and through a small 
orifice neat the top of the quadrant the sun, as it passes the roendiao, shines 
on the am and indicates its meridian altitude, from which ita declination can 
be directly deduced. The chamber was closed up when the ob!Kr.mtory was restored 

in 1910. ... \ T T j 

On the top of the gnomon i-s a circular pillar^ which was probably used 

originally for rough azimuth observations, but which is now surmounted by ft 
small sundial of the European type. This was probably constructed in 1910 : 
the pillar, but not the dial, appeara in the Daniclls’ drawings (figures 43 and 

44).* 

The lower part of the .structure is now, more or less permanently it seems, 
below the water level of the locality. The height of the water vanes' but 
for a great part of the year it covers the lower part of the quadrants and the 
steps and prevents acce.4 to the west quadrant altogether ; aud it makes the 
structure useless for astronomical purposes. If the instrument ifl to be saved, 
means must be taken to prevent the water percolating to the foundations. ^ 

According to Jai Singh the Samrat Yantra was built of stone and htne. 
Hunter and° Thorn say that the erigca of the gnomon and quadrants were 
of white marble and von Orlich speaks of marble staircases (see page 48). 
Tlie quadrants are now faced with lime but the time graduations are well 
marked with a soft black stone neatly inlaid into the fnee of the quadrant. 
Tlie graduations on the edges of the gnomon are scratched into the lime plaster 
surfiice and arc becoming oblitera te d. _____ 

* Jtii S in g h givto IH nuhiu M tho RMliuH^aiid odb Miinule w I'quiU to a b^Htjoarn mitl-ii-liali, Sw 


"““' i Tli« lima w*!"" on t1.^ iipT»r .orfa™ (4 thf. qu«lnuite^nH U.t, *iiiUn.no tl« Ktremc "Jw*. 
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Aq exaraination of the Dimiella’ drawings and recent photographs (sec figures 
43-46) , shows that only rninor nlte ration a have been made during the last hun* 
dred years. There is a slight difference in the entrance to the gnomon steps ; 
in the old drawings is shown a act of subsidiary steps to the right of the main 
steps on the gnomon ; and there was fomierly no dial at the top of the gno¬ 
38, The Prahil consists of two compleTneniary concave nemispherca 
situated immediately south of the Samrat Yatitra. Their structure is best seen 
ill plates XVIII and figures 41 and 42. Theoretically only a single hemisphere 
is necessary^ but, to facilitate obserii'ation pathways arc cut into the surface ; 
and the second Jai Prakas has the pathways in such a way that the two ina- 
truinents together show the complete surface. Cross wires were originally 
stretched across the hemispheres north to south and cast to west, and the sha- 
dow of the intersection of these wires on the concave surface of the hemisphere 
indicated the position of the sun. The surface of the hemisphere is marked with 
altitude and aziranih circles, the tmpica and intermediate circles (declination 
parallels), etc., so that the position of the sun can l>e directly read off. Also 
there are * circles of the signs of the zodiac V W which the particular sign on 
the meridian is indicated by the position of the sun*s shadow.* In the Delhi 
instruments the cross wires have been discarded^ although the pins to which 
they should Iw fastened are stUl there ; and iron rods (2 inch galvanized piping) 
have been fixed at the'centre of each Jai Prakas; Tlie pipes should be removed 
and the crosii-Trires replaced. 

The descriptions given by Hunter and Thorn seem to indicate that there 
was. a century ago, only one Jai PrakaA Hunter’s words are ; Betw*eon these 
two bnLldinga,.(».e.,Vhe Ram Yautm) and the great equatorial dial is au instru^ 
ment called Sliamhh. It is a concave hemispherical surface, formed of mason 
work, to represent the interior hemisphere of the heavens. It is divided by 
six ribs of solid work and as many hoUcfW pkicee; the edges of which represent 
meridians at the distance of fifteen degrees from one another. The diameter 
of the hemisphere is twenty-seven feet five inches.*’ Thom uses the same 
phraseology. The old drawings and photographs are ambiguous on this point 
but they show that the original structure has Ijeen altered conalderabjy. Pro¬ 
bably there were two complementary instruraenta originally but one ol them 

had disappeared, 

39 The Earn Yantra comsista of two large circular buildinga complementary 
to each other;situatwl south of the Jai Pnikis. Their general' structure b best 
seen in figures 39, 41, 47^9 and in the plates Xf!l and XVtl- Each consists 
of a ciredar wall and a pillar at the centre, The height of the walla and 
pillar from the graduated floor b equal to the inside radius of the building 
measured from the circumference of the pillar to the wall, viz* 24 feet lU inehea 
and the diameter of the pillar b 5 feet 3i inches. The walla and floor are 
gradnated for reading horiztmtal (azimuth) end vertical (altitude) angles. To 
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facilitate obteirvatioii the floor i» out up into thirty »»t.^ with the spore* 
between of the same ' angular dimeuAions as the seeloWr 

CTaduated sectors are supporttHl on pillars three feet bgli so t a ^ e observe 
L -place his eye’ at any point on the scale. The graduate walls are 
.imikiSv broken up by openings, at the sides of each of which are notches 
for nlaclng sighting bars. At Delhi there are no such bars in evidence but at 
Jaipur they are faced with brass and caiefully graduated- At Jaipur the central 


»v 
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Fill. 47. RiM Yists* IirtSMoa. 

Dillut » teplaccl by uu iron rod. At Delhi the pilfar ie gtedueted by vortical 
Lrinc* (.« figute «). are Uteoeeary^a. 

a ^int on the top ol tlio edge (not the ceotte) rf the piUai.ta the centre,for 
th^h the uUitude graduation* on the correaponding aeetor and portton of the 
w^rare made. The old de-teriptioua and drawings show that no .reportaut 
sfructurel alterhtiona have been made during the laet eeutury. Jl-' »au.elU 
picture (figure 41), however, apparently shows n diflereut entrance to the north 

Hruu Vanlra. 




















/ 


PLAN 

aAKBXT TiKTHA. DELHI. 

















































Puts XT* 


Fc’ 




south ELtVATION 


SAMBAT ITANTBAt DELHI. 



(■ 


* 


y 


U"- 


rh 




1/ 


$ 


■9 







J3. 




























































































45 


ASTRONOMICAL OBSERVATORIES OF JAI SINGH. 

40. Tp the north-weist of the Samrlt YualrA^arKl some 140 feet away/ig 
the MisrB Y&ntrB or mixed instrument ’.so named because it comblnea. in one 
building four separate instniments. Of these the Niyat Cltaha occupies the 
middle of the building, and coasiste of a gnomon with two graduated semicir- 
cloa on either aide (figure oG). These semicircles lie in planes inclined to the 
plane o{ the Delhi mendian at angles of 77^ 16' W,, 66'’ 34' VV 68“ TE and 
76“ 54' E.‘ -5?' ■ 

The semicircles may be said to correspond to meridians at places whose 
loii^tndes differ from Delhi by these angles,, and tradition mimes Greenwich 
observatory^ and the observatory^ at Zurich, “ Notkey a village iu Japan where there 
is an observatory, latitude 43“ 33' N. arid Longitude 145' 17" E. of Greenwich^* * 
and “Serichew a town in the Pic Island in the Pacific Ocean east of Kussia 
latitude 48° 6* and longitude 163“ J3' E.’’ 

Let AB (figure 36) be the edge of the Delhi gnomon and ABD in -the plane 
of the Delhi meridian. Let make an angle S with ABD then ABE represents 
a meridian at a place ^ whose longitude difference from Delhi is S. Let cx, 
denote the direction of the sun when it is in the Delhi meridian, then the arc 
DP will measure its declination ; and if CX., be the direction of the sun 
when in the plane yjf?£^then EQ will measure its declination. On the Kivat 
Y antra ^ the semicircle ABD is not marked ..hut ABE "corresponds to one of 
the masonn' semicircles each of which is graduated north and south from £ 
for the purpose of observing declinations. 

On either side of the Niyat Yantra and joined to it is half of an equi¬ 
noctial dial constructed on the same principle as the large Samrat Yantra. On 
the west side of the building is a second quadrant, tie face of which is hori¬ 
zontal, instead of being parallel to the axis. It is called the Aym Yantra or 
' amplitude instrument' and its use does not seem to have been understood hy 
the reatocer.s. Hunter makes no mention of this. 

On the east wall of the building is a graduated semicircle called Dakahino 
vritti Yantra/ used for obtaining meridian altitudes. The north wall of the 
Miara Yantra is indium! to the vertical at an angle of 5 degrees (figure 51) 
and is marked with a large graduated circle. This is called the 
Karka RaSt VaJaya or * Circle of the sign of Cancer-’ As the latitude of Delhi 
observatory i? 28“ 37' 35', and the obliquity of the ecliptic ia 23“ 27' a" nearly, 
the zenith distance of the sun, when in Cancer ia &“ IGJ' approximately, and 
the sun then shines over the north wall for a short period/and the shadow 
of the centre pin falls on the graduated circle. This may be the northern dial 
Tc[crr<£d to by Jagannuth (see page 39). 


' Th™ Iho gtvTO lij the TAndlu bat aMufdiftff to thn nuiasnremL-ntYf ot tlu ongineen wfaf, 

prrpapxl ih» plan* the T7‘ 18'. 50', 09“ 42' smU 71" 22'. Tbef diffioiUt to rn Ti nigni 

» ThJ# itnplite that thy foD(situd& lyf DrltJ vm UJb?ii w 77^ 1&" EL of Gmnwish. It ^ ttaljj 7T 31^ 6' 
SSuilch ubeervEitary w S® E% of Gneenwkk * 

* It mujf bo notod that ain^nwii;!li obwrvfltoiy t™ fomultxi ta miS luitw fiO that IhUd 

wAA baiU bal that Zaricli obtforratciy did ml com® intu owtozuio tmtU ITfi9, «oio® nixtrcti afu-r Jai 

iluatlL 
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41. la the front of the Misra Tantra k a platform 47 feet by 43 feet oa 
which are tmces of a quadrant of 20 feet radius. This platform was probably 
used for making measurements when the instruments were being constructed 
or repaired. 

To the south-west of the Misra Yantra are two pillars 17 feet apart and thia' 
line joining their centres points 35’’ E. of north. These are mentioned in none 
of the accounts of the obBer\'atory. If they were part of the original observa* * 
fcory' thcy proitably supported one of Jai Singh's instruments^ aneb as are now 
found at Jaipur (see figures 38 and 29). 

Hunter states that^to the west of the Misra Yantra and cl<»e to it^was a 
wall in the meridian with double quadrants. Jag^ath, Jai Singh'^s assistant, 
recorded^ that in the year 1631* of the Salivahana era ''with this instrument 
the latitude of ludraprastha* was found to be 28^ 39' north and the mftKmmm 
declination 23^ 28'.” 

To the west o! the Samrat Yantra is a Bmall building {a chowkidar’s house) 
on which is fixed the Jaipur fiag. There is a tree south-east of the ea.Htem Jai 
Pralias that partially overshadows that instrument. The tree should, of course, 
be removed. The whole observatory is enclosed by a mud w'aU about six feet 
high with an entrance on the west aide. 

42. History. The observatory at Delhi was the first one built hy Jai Singh 
and it is here that the principal observations were mode.;^whtch were to form 
the basis of his new tables, the Zij Muftammad SMfii. There is some uncertainty 
about the date of construction. Paniiit Gokal Chand gives A.D, 1710 and Sa'id 
Ahmad Khan gives 1724. The latter states that the observ^atory was built 
“ in accordance with the orders of the Emperor Muhammad Shfih in the 
seventh year of his reign,* corresponding to the year 1137 of the Hegira.” 
(=A.D. J724-5).* 

Jai Singh tells na* that he himself represented the question of preparing 
new tables to the Emperor /who encouraged him to proceed. “To accomplkb 
the exalted command he had received, be (Jai Singh) bound the girdle of reso 
lution about the loins of his soul^and built here (at Delhi) several of the ins¬ 
trum At.s of an observatory.’* This seems to indicate that the constmetion was 
started after Muhammad Shah ascended the throne. Also Jai Singh himself 
tells ua that seven years were spent in preparing the table.a. In 1719 Jai Singh 
was appointed the Emperor's lieutenant at Agra. Jagammth records observations 
made at Delhi in A.D. 1729. The facts seem to point to 1724 aa about the 
date of the founding of the Delhi Observatory, 

Jai Singh tells us that^at first, he constructed at Delhi brass instruments 
of the astrolabe typo^^in accordance with the Muslim books.* These he found 

*■ p-'^v 3 and t).tnit^|n£« 36. 

* A. It naa. 

I c^lu. 

* ^loluaiin&d 8bili Mceodjod in IrtS (October Otb). 

* 711001 My« t *' Tbo tbinl of toign of Hohoniinikil SbUi or lT£t, 

* Bn pnge II- 

' Bw pngfl 12. 
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to be imaatisfiictory^and. therefore be constructed “ instnijiienta of bis own in, 
vcntion;aucb as Jai Prakas and Rgm Yantra and &inir5t Vantra of atone 

and lime of perfect stebilitj, etc." In Jai Singh's time tbereiore; the observa^ 
tory probably coiLsiated of the Samrat Yantra, the Jai Prakaa tbe Kilm Yaitra 
a mural quadrant, and some mcta) inatnimenta. Of the present buiblings/po*- 
Bibly the >/tiro Yantra was added by Madbu Singh “ who inherited no sn^ll 
portion of his father’ll Jove of science. 

43. Early descriptions, There are fairly numerous references to the Delhi ol>- 
aervatory in tbe accounts of travellers of the eighteenth and early part of the 
nbitcenth centniyyand some of these are worth recording. Father Claude Boudier 
and another priest passed through Delhi in 1734 on their journey to Jaipur 
(see page «) Attiul took observations of latitude and longitude at the observa¬ 
tory at Delhi. Unfortunately they have left on record r.o description of the 
observatory or tbe instruments. 

In 1795 Franhlln^^ in his description of tbe city of Delhi* wrote of tbe ob¬ 
servatory ; *' It was built m the third year of the reign of Mubanimad Sbab, 
by the Rajah Jeyaing who was assisted by many persona , colehratcd for their 
science of astronomy from Persia, India end Europe ; but died before tbe work 
wa.s completed, and it has since been plundered and abnost destroyed by the 
Jeits under JuhvMther Siiigh'' 

In 1799 W, Hunter pnblkhed* a fairly complete account of the Delhi oh- 
serv^atoiy. The list of buildings and the descriptions be gives show that^to the 
west of tbe ilisra Yantra and close to it^waa wall in the plane of the meri¬ 
dian^ on which was described “ a double quadrant having for centres the two 
upper corners of the walls .... One degree on these quadrants measured 
2'833rinches.'’* Also in describing tbe Miara Yantra/ he makes no mention of 
the third quadrant (Agra Yantra) on the w'est side. Referring to the Samra(; 
Yantra he states ** It is built of stone, but the edges of the gnomon and arches 
where the graduation was, were of white marble, a few small portions of which 
only remain.'* 

In 1&03 Major William Thom visited Delhi and later gave a deacription* of the 
observatory. His deacription, however, is simply a sommary of Hunter’s and he 
gives no adilitiuna] iniormation whatever, although he Is sometimes quoted as 
an authority. 

Soon afterwards^ the Daniells gave tw'o illustrations* of the chief features of 
the obaervatorv. These arc here reproduced (figures 43 and 44) and they show 
that during the last hundred years very little alteration has really taken place ; 
but they show some small diflerenccs, which have already been mentioned, 

* Tifd ii, art 

* of tht 0 / IklhL lintit FmnliLii, EcKTchts, toL ^ 431 _ 

3tub«mm(i4l niign sDimDrfnf>d4 In JaJ £:^iagh m 1743^ 

^ lU^earrhr.*t Vt ITW^. 177/. 

* Ep dofw tint MPAD lh«t he m^winnl Mrtevlly a thcHBAndth of an ittiah but thjit; U wna ApproximatEl/ 2| 
fnchp*. Thp nwiiuA nfi coiut^quisntlr About ]3| Foflt. 

* Mvmmf M /stilus ^ taoif Zflir in UilA, jx ItJ. 

* Onrmtai *8*5^ part t; platm XIX and XX, The drawingd far thfiie mmt 
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lu 1M3 von Oriich vUited Delhi and mad. lbs fono™g note. 
ohservatoiy: "It Ues in the midst of many rums; but it nas ne™' “mP _ 

and haa Ln. unhappily, .o wanwnly dilapidated by ^ “ the tan 

tered Tuiii3 alone are to l>e seea. However, enough remivma to ghm\ the pinn 
of this fine building ; the colossal sun-diak and tinadranto, which 

a« folid ol red sandatoim and brichs and the a».nt to them .a 

111fi riflfling stfl-ii? c&r556si* i i i ^ri • 

^ Neat come. Said Ahmad Khan’, description* .vhieh was translated by Gars in 

de Tasar.* This acconnt H not very rsiiahl. but the ^V„™T, 

some niueh hut vaiuahie drawings of the instruments. \U read . b . 

oheervato^ hm. fallen into ruin ; all the instruments arc broken and all traces 

•' -«. a-™.. - 

AC- sm » - “ a M-u 

Jaipur partially restored the Samrat hantm at the request of ■ e c » fc 
sXtv Delhi; and in the PrnceedimJ. of ihe Delhi AdrcWeymal Somefyof the 
tr jLuary 18« we rrad ; "It haring been stamd 

of the Junter Munter had been repaired at a cost of ® ^ ' . * 

leaving a balance of Co.’a Ra. 157-U-2 of the sum presented to the society by 
he R^jah of jeypore, for the repair, of that Oh^vatory. and this 1>™6 
too small a sum to enable the Society to complete the repair, or even to bu^ 
aromid a compoond wall, which is absolutely necera^. for the Mcunty of the 
raraaina from further dilapidaticn, it wo. unanmously reeved ^ 

^ the Lieutemml-Ooveruor, DelU. he requested to make too.™ to the Ba,ah of 
Jevpom through the proiwr authorities, the iimbility of the Soemty to complete 
thf emdemphiL work, without lurther funds.” For many yearn nothing further 
was done, "in I»10, His Kighnera the prarant Molmraja of Jaipur sanotionrf 
The restoratiouof the observatory .at Delhi and the work wae completed m 
ISIO Pandit GoknlChand was placed in charge of the astronomical part of the 
rctoratinn which was careiuUy carried out. The work compmed the restoration 
of the buildings, the mgraduation of most of the scales and. m the cara of the Ja 
Praknd pmcticaUv tie reconstruction of the whole malrumeut. Most of the 
the ^dnations were done in lime plaster but the mam gradual.o^. 
t tUe quadrantTof the Samrit Yantra era in a soft black stone ver,- nwtt y 
inlaid in the surface of the qiuulrants. The graduations^ in lime am already 
hecomiag obliterated. On the top of the gnomon ol the hamrat Yantra a sun- 

0°n e”— rtab" ng the^ameof ^e Mrument, the date of 

fb 49. iTh,. i- iDlii'l'b -a I to think 

o^^lTrai tmist ibe «t—»"' -h-f-r*** 

Dtikto boolsi*Jb -™— 

i Adidr J^pprmled 1^-6. 

d'™”" w '«».>«'» “d B. (t K«U.SW., DM.. 

l>tut at*j 11W2. 
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restoration, ete,, wab placed. Some of these ineTe done in marbie and aome 
in plaster. Several of the latter are already' destroyed. 

45. Ftttore Restorations. The Delhi Observatory btiildinga ore worthy of 
permanent presen.-ation, not only on account of their scientific and historic 
value, but as monuments to one of the most brilliant and remarkable prmcea 
of India, and aa forming a dignified feature of the new Imperial City. 

The grounds surrounding tlie buildings should be enclosed by a low waU 
and the grounda themselves should be ornamented only by a grass lawn. There 
should bo neither trees nor ahnibs/but there would be no objection to fiower 
beds at a Bufficient distance from the buildings. The buildings whould be put 
into good order without interfering in any way with their present structure. 
The present pink colouring should be removed and a natural lime plaster tint 
substituted. The graduations should in all cases be made in some more perma¬ 
nent substance than lime plaster. At Jaipur marble nnd sandstone are both 
used 4 and at Benares the latter only, Marbley^or some other suitable stone 
should be employed. 

The Samiat Yantm (figure 40. etc.) is the moat important of the instrumente 
and every effort should be made to preserve it permanently. Ita foundations 
are in a rectangular oxca\mtioii^which is now partially filled with water. Ap¬ 
parently the bottom of this excavation i.'i lower than the surrounding water 
level^aud consetjuently , the water percolates ^ and covem the toiver portions of 
the instrument. Not only is it damaging the structure, but it makes it useless 

for purposes of preseut observation. To get rid of the water is a problem for 

the engineers,and possibly they will decide to ‘concrete’ the whole of the lower 
part of the excavation and install a small electric pump. Unless some such 
means to exclude the water are taken the chief instrument of the observatory 
wQl be utterly ruined. When the water has been excluded the chamber con¬ 
taining the ShashtliaiiiM Yantra described above (page 42) should be opened out 
and the instrument put in working order. 

The main graduations on the quadrants of the Samrat Yantra are suitable^ 
and need not be restored at present but the graduation on the edges of the 
gnomon need restomtitm badly. This necessitates the edges being refaced with 
marble or some suitable atone. The amall dial on top of the pillar that is at 

the top of the gnomon should be removed. It is of no use where it now is 

and it prevents the pillar on which it is placed being used for its legitimate 
purpose. The aun-dial might be placed somewhere out of the way in the 
giounda. The space round the pillar is hardly sufficient for working purposes 
and it would perhaps be as well to reduce the diameter of the pillar or to 
place around it a railing for protection. (An examination of the Jaipur gnomon 
shows that some such arrangement would not bo in opposition to Jai Singh's 
idea.) The top of the pillar should be graduated, as most probably it was ori¬ 
ginally, for rough arimuth observationSy and should be made perfectly level. 


1 It wn« a tnuUVt', I thmk. tc Inttodnrc ISumpA&n mcuiuvg rnil flyttbolf uul I ihould tik« to ion the acljm 
fKod with marble oa uiigmally ihry ami the old rapJocicL 
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Tho position is one for oliaervation and could eTen now be used, in the spirit 
of the original design, for many purposes. 

The graduated parts of the Jai PrakiLS require refactng either with marble 
or other suitable stone. The original was in lime plaster^ but it did not last 
very long ; and in IQIO the facing was agalu done in lime plaster but the graduations 
are already becoming obliterated (see Sgures 32 and 33). The central iron rod 
(galvanised piping) should he removed and the cross wires replaced. 

The graduution (in lime plaster) on the walls of the E^Yantra are not 
so exposed and consequently not so liable to deteriorate as thoae in the Jai 
prakaa. The vralls of the ESm Yantra at Jaipur are in marble .but there the 
instrument is much smaller than that at Delhi. ^ 


The Uliara Yantra graduations are all in lime plaster and should alJ be 
done in stone or marble. This means refacing the edges of the gnomon/sad the 
semicircular meridians ,^'and inlaying on the quadrants, etc. 

The mural quadrant described by Hunter (see page 47),:^and no longer in 
exhttence,might be rebuilt. It was originally to the west of the Misra Yantra 
but the space is SGinewhat limited there. There .are examples at Jaipur (figoic 
66), Ujjain (figure 02), and Benares to serve as models. 

The probable use of the two pillars marked on the general plan has been 
already explained (page 46). A brass instrument such as the Unnatamsa 
Yantra or largo Yantra Raj at Jaipur might be replaced. 

The tablcta on the mstrumcnt.3 should be restored and revised, and they 
should of course^ be placed where they can easily be read and should give 
the name of the instraraent, its uses, dates of construction or lestoratiDii, the 
name^of the original designer (in most cases Jai Singh) and the restoiom. The 
English versions should be revised by a European astronomer,* * 


> Two ot th# pmont UbliMd ah ^ dktfitit to be rcAd wiih mw. 

* Tbi> following is ^ ffxxmple vi tbo^a ncm cm Uiu liutinumato ;— 

Kurk Roahi BhIaj Yantra. ReetowJ A-H. 1910, Terted by Jotiih Oaltnl Chiwii tat fii.Hi.ig Uh Jonri 

tude of tho ton «rlien tiKr Cucor or tbo point flO ia the Fetiptio comoe onr the pleoe of Hczicliu.*' 


































CHAmm Vni.—JAIPUR OBSERVATORY. 


The elements for Jaipur Observatory are approjdtaately as follows:— 


Ijititqde^ 

Longitude * , 

Height abov« em level , 
Magnetic decimation 
Local tima . 


. as" 55 ' 37 - 4 ' 

. 75 " 43 ^ i&-r 
, 1,582 fact, 

. K r 45 ^ml 9 i 5 . 

w ifl 2G minutcfi 4S lecondB after Htandacd tima^ 


46. The observatory is within the palace preciucta about, ioO yards east o£ 
the minaret.’ It is in an excellent state of preservation and is one of the 
* sights ’ of the city. The general plan (plate 3CXI) shows the arrangement and 
some details of the instruments, which are also illustrated in plates XX and XXII. 

Not only are there the usual masonry instruments ^but also a number of 
brass instruments of veiy considerable iuteiest: and in the Museum ^ outside 
the city walls are other brass astronomical instruments^that no doubt formed 
part of Jai Singh's astronomical equipment. These latter have already been 
described in some detail (p. 10 seq.): some of them are of very great interest and 
value. The following Ust entunerates all the instruments in the observatoiy^and 
the more important of those in the museum:— 


Masonbv IxsTauMmrrs. 


S fliYir a^ Ynntra Plato XXZ. 

Shashtlianw Yautra 


RMi Valaja 
Jai Prakai . 

Kapala . . 

Bam Yautia 
DIgamSa Yautta 
Smaller Sammt Yantia 
Kaii Valaya Yautia 
Dakshitjovritti Yantia 


FiguTQB 54 and 55, 
FigEte 30. 

„ 31. 

„ 50. 

Plate SXT. 

Figure 52, 

„ 63. 

66, 


Metai. lEBTSmiENTS. 

Chakra Yantia.* , , Figuis 57, 

Kiinti Yantia ■ 4 e »-■■■■■ ir 53, 

UunataAfa Yantia 

Yaatra Baja or Astrolabe ..Figures 28 and 29. 

/it the Museum, 


Astrolabe A 
1. B 

Zarqoli aatiolabo 
mscellaneoua 


Figorea 5 and 7. 

„ 6,3, and 13. 

„ 10, 11 and U, 

„ 19 and 30. 

„ 26,27. 


‘ThiB pMitkm of the paliiois mioAivt (Ihe! Uni/abant 240 jnids to the vwi ci tbe {itwervatory encltw- 
ure. is Lat M" W' 37 4' N., Long. 75* W IS'S* EmI oI Gjwnwicli, 15flemtl»Jor giTu far Jiiimr aa* 

K. and 73* 43' East at Paris. Fatbtir UemdiBr gaTe lor tbs oliMivatorj LaL 20° CS' N. aad Loo^ 73* 
30' E. of Paii& Sw page ^ 

b3 
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ASTRONOMICAL OBSERVATORIES OF JAl SINCH, 


47- Samrat Yantra, — The large SamrUt Yantra k situated at the south-east 
comer of the observatory encJcksure- It ia tlie largest of aU of Jat Singh’s 
inatruments being nearly 90 feet high and 147 feet long, and the radius of the 
quadrants , 49 feet 10 inches. It ia graduated to read to seconds but this is 
impossible in practice owing to the ill defined shadow (»,«,, due to the size of 
penumbra). Ihe tangent scales on the edge of the gnomon (see p. 36) cannot 
now be i^d^ owing to the instrument overlooking the palace renana encloBure. 
'The readin^^ of the quadrants appear to be slightly iuconaistent, the eastern 
quadrant givmg readings that arc about two minutes out as eomparod with 
the time registered on the western quadrant. 

The general structure is the same a-s that of the Delhi instrument Imt it 
is of Gomewhat more elaborate construction and on a larger scale. Lite the 
Delhi mstninient the Lmndatione are below,the ground level but the floor is 
puH'd/ftJid pro[>er arrangements are made for drainage. 

Shashtamia Yantra.— The Shashthamsa Yantra, or sextant instrument, is 
a hu^» convex arc of 00 degrees and of 28 feet 4 inches radius lying in the 
meridian. There are two pairs of auch arcs built into the masonry that sup- 
porta the east and west ends of the Samrat quadrants. A small hole' in the 
roof of each structure allows the sunlight to faU on the are. at noon. The 
inatrumeut is capable of giving very accurate results - but the readings are said 
to be in error to about 4 minutes. ^ 

RasiValaya Tantra.-Thc lim Valaya , or ’ ecliptic mstrument ^consista of 
a collection of dials, situated on a platform to the west of the SamrUt Yantra 
(Plate XXI ami figurea 54 and 55), There are twelve such diat^'one for each 
sign of the zodiac (that for Capricomus is seen in figure 35)^ and each mstrument 
ia exactly of the same type an the Samrat Yantra, but tlie qaadranta lie, not 
in the plane of the equator, but in the plane of the ecliptic when the parti¬ 
cular sign ia on the horizon, and the edge of the gnomon then points to the 
polo of the ecliptic ; conseijuently, at the proper moment the inatrument indi. 
cates the Sim’s latitude and (with appropriate graduations) lon^tude. The radius 
of the quadrant is 5 feet 6 inches in the case of four instTumenfa and 4 feet 
14 inches in the case of the other eight. The contemporary lists do not mention 
the Kali Valaja. 

Jai Prakaf.— The Jai Prokas is constructed in the same manner as the 
Delhi instrument (Plate XXI and flgure 30), The principle of the instrument 
has already been explained (p, 37), It was completely restored in 1901 in 
white marble and the various circles were then marked in different coloara.’ ’ It 
is 17 feet 10 inches in diameter. The instrument shou's time and declination 
and the signs on the meridian. 

Kapttla.— The KapSla ia another hemispherical instrument and ia peculiar 
to Jaipur (figure 31), There are two examples-one being a hemisphere with ita 
upper edge representing, as in the Jai Prakfia, the plane of the horizon while 
in ihe other it representa the solstitial colure. The latter indicatea ‘rising signs*' 
instead of meridian signs. Each Eap ala haa a diameter of llj feet and is a 

^ 1 he {2 g1oilc» hflTfl tioee disnp'ia'-aTDfl. 
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complete hemispticre, that is, no pathway's are cnt as in the Jai Ptaldi^. The 
graduated rims are in roarhle ^ hut the reiimindCT of the surfaces are in lime 
plaster. 

Tantra.—There are four instruments in white marhle {plate XXI and 
figure 59)^hut all of them ore quite mndem (? 18011. made according 

to Jagannath’s instmctions. Iti principle they are exactly the same as the 
insttiiTiients at Delhi hut are much smaller, the larger pair being 23 feet 1 !■ 
inches in diameter. The sectors are twelve in number occupying 13“ each in 
one instrument and 18“ in the other. For an explanation of the constructiun 
see p. 37. 

Digamsa Yantra,—The Digath^ Yantra or aximuth instniment bus already 
been deacribed {p. 38). There is no such inatrument at Delhi hut there are ex* * 
amples at Djjain and Benaiea {Plate XXI). 

Naii VhlayA Yantra.—There are similar iiistrumejtte, hut much smaller, 
at Ujjain and Benaiea. The instrument at Jaipur is a masonry cylinder some 
10 feet in diameter.* The axis of the cylinder is horizontal and in the plane 
of the meridian^and the parallel faces which form the diali; am in the plane 
of the equator. The dials arc graduated into- gJintiti and pafns/and also hours 
^nd minutes. According to Gairett/the soathem face was added by Jhi Singh's 
grandson, Mahilnlja Purtap Singh, 

Daksbinovritti Yantra*—The ootLatructionj of the Dakshino Vritti Yantra 
or mural’ quadrant is clearly seen in plates XXI and figure 56. It in of the 
same principle of the similar instrumenta at Uj|am and Benares {that at Delhi 
has disappeared). On the east face ate two quadrants of 20' feet radius/and 
on the west face is a semi-circle of 19 feet 10 inches radius. It was used for 
taking meridian altitudes. 

The metal iosteumentB have already been described in detail (page 10'aeqO- 

48. History.—.laipur city was built about A. D. 1738, and tbe observatory 
was constructed about A. D. 1734. The earliest detailed description is that by 
Tieffentbaler, a Jesuit Missionary^ who travelled in India from 1743, the date 
of Jail Siugh-s death, to 1780 ; but the earliest reference to the observatory is. 
possibly/ that by Father Boudierj^^who^Avith another priest visited Jaipur in 1834 
and made observations. He makes no references to tbe instriHnents' and they 
were possibly only in the course of construction at the time of hia visit. He, 
however, mide observation ' for the determination of the latitude and longitude 
uf the observatory itself.* 

Tieffaiithalera description" of the observatory is as follows: — 

“ But a place that desen'ca detailed description is that where astronomical 
(jhsefvatioiiB ate made: it is such a wtjrk as is never seen in this part of the 
world, and, by tbe novelty and grandeur of the inatnimeiils, strikes one with 

> 111 tha geneml lilfin X^I} iHp|icrtlELg masonry mirk \& DDt ahown hut em ^gar« 

■ Neithcif doM hv mutt? miy rtiorime® to tho ipettiiitiiiiit* at DtilM ulthcmgb bo nuula pbaer^jitifTHq ihtmv 
lunn lifter iitwmftlnry wm huilL 

^ otc-T pp- ptlfrt 5- 

*JD«j taiff Josijth TUffr.nfhnltr^i EtKhnihuiuj rm //iNJufian^ llfrS, tuL 

p. 2+4/. Fronoti ed ; tion, p. /, 








5i ASTRONOMICAL OBSER%»ATORIES OP JAl SINGB, 

aatonu-hment. Tliis large and spacious observatory is close to the King’^a palace. 
It is situated on a plain surronnded by walls and was constructed especially 
for the contemplation of the stars. 

On entering one first sees the twelve figures of the Zodiac all arranged 
in a large circle and made of purest lime. Nfcit are seen diverse sections of 
the astronomical sphere, fixed according to the height of the pole at the place— 
with diameters of 12 or more Paris feet,’ and besides theae, some large and small 
equinoctial dials and some astrolabes made in lime, also a meridian line and 
a horizontal dial engraved on a very large stone. 

" But what attracts most attention is a gnomon (axw mundi) remarkable 
for its height of 70 Paris feetyand for its thickness—constructed in brick and 
lime, situated in the plane of the meridian, with an angle equal to the height 
of the pole. On the summit of this gnomon is a belvedere ^ which overlooks all 
the town and Is so high, that it makes one giddy. The shadow of this gigantic 
gnomon falls on a prodigiously large astronomical semi-circle, of which the horns 
are turned towards the sky. It is artistically constructed in whitest lime or 
gypsum and is graduated in degrees and minutes. In the morning the shadow 
fads on the western qtiadrant and in the evening on that towards the east, 
and, as the gnomon lies between both the quadrants, the sun's altitude can be 
found at any moment. A double dial, constructed also in lime, is seen near 
these quadrants. It is enclosed in a kind of chamber bn either side of which 
it is raised. TlVhen the sun passes the meridian a ray oi this star enters through 
each of two holes pierced in a sheet of copper, and when these rays fall exactly 
on the nviddlc of the two quadrants, low in summer and higher in winter, the 
sun is in the meridian sign/and its meridian he^t is indicated. 

" The mstruments which follow have similar giaduations; there are three 
very large astrolabes cost in copper, suspended hy iron rings; a circle also 
of oast copper, fitted with a rule (or alhidade), and elevated at the height of 
the pole, suitable for determining the declination of the sun—for when yon turn 
this instrument towards the sun it will indicate the declination on the ground. 

1 pass over in silence other less important instruments, but a matter 
which detracts from the value of the observatory is that, in a low oitnatton 
surrounded by walla, the observer cannot see the rising and setting of the stare; 
also the dial, gnomon and other parts being in lime plaster prevent one from 
making very exact observations.” 

49. Eestorations.—Tlie Jaipur observatory, being situated in the palace 
precincts, baa been carefully preserved and has been added to from time to 
time. Possibly the Basi Valaya was added after Jai Singh's reign/'and possibly 
eome of the brass instruments were brought from the Delhi observatory, but we 
have no direct information on these points. Some additions appear to have 
been made m 1S91 and in 1901 His Highness the present Maharaja decided to 
restore the observatory completely. The services of Lieutenant A. H. Garrett, 
R.E., were lent and the work was finished in 1902, in which year also Lieute- 


^ lii Pum fourt RjrprDxinuitQlj-, 

Fatii li;^t=-i74i E&elifb. tmi 
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Tiaat Gnrntt, asakted hy Pandit Cbandradhar Guleri, piepared and published 
an account of the observatory- This account;, as far aa the descriptions of the 
inatruments are concerned, ifl an excellent one, but the parts relating to the 
history of aatronomy are not ao reliable. It is difficult to judge of the work 
of reatoration / as no reliable account of the observatory before the restoration 
took place ^ is''available. Colonel Hcndley/in 1880 j(gave a rongh plan of the 
observatory and a list of the inatniments^^ but not in sufficient detail for purposes 
of comparison. 

Lieutenant Garrett^s work has been somewhat severely criticised in one 
respect.* * He found the Saii Valaya instrumenta did not accord altogetlicr 
with his idea of their use and altered the angles slightly. He assumed that 
each instrument corresponded to a ' rising sign \ and was to be used at the time 
of xiaing of the particular sign for the meaeuiement of celestial latitude and 
longitude. The following table shows the actual alterations made in the twelve 
mstruments corresponding to the twelve signs. 


5ign& 

IfgAflgMMttiTTB QW QNOM05J 

AlrtlK M*TWD^T%om. 

Azimuth* 

Aldtvdc* 

Agimiith. 

AHitiuiA- 
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O Ji 

01 t 

p * 

AiieA » 
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27 0 

—25 56 

24 32 

T&urwl ^ 








—SI 30 

16 30 

—21 17 

14 25 

G«omu - 








—12 30 

7 0 

—12 10 

6 36 

Canc«r « 








0 0 

a 30 

0 D 

3 20 

iJbo 








12 30 

7 0 

IS 10 

0 36 

Virgo . 








21 30 

15 30 

21 17 

14 25 

Ubrs . 








2G 0 

27 0 

23 50 

24 32 

Soorpkk ^ 








26 0 

38 0 

25 3T 

35 33 









IS 0 

•m 30 

17 40 

45 42 

CA^eotoufl 








0 0 

50 30 

0 0 

00 22 

AquAiiui 








-^18 0 

46 SO 

—17 40 

45 43 

PilMMI . 
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—26 fl 

33 D 

—25 37 

55 33 

AltofAtioa 0 29 

2 28 


^Lolidfla Indo.Cah^ Exhibitbin in iSSL ZfmwKodi of Oe J*ifpon CowOt pp. <»-6a 

* Inihtn 1DO0, p. S4, 


























Chaptbb IX.—UJJAIX OBSEEVATORy. 


Latitude 
Longitude 
Reigbt 
Magnetic Dfoluiatioii 


23" N. 

75^ 4^' Q* E- of GiVenwicfa. 
IGOO foet. 

0" 40' fi. 


Load time is 26 miniitea S3 secooda after standard ti-ne 

•he "f P™™‘ "it? 

the quarter called Jaisingpura, on the-north hank of the river Sinra* Prom tT,» 
Wa.« Wori^It k U.U . raila wcat. Th» gsaen... ,i,a.tlou is o J.Zi!,' 

s.ap and m fi^ ««. The river hMdr is eorrodisg aaay .„d about a 

a aule *“ tie oast nf the obaervattiiy ia seen' tbe nmaina of a veW uo„ 

» bardlj in daopr owing to Una pimamity; but tbe drainage about tbs 
oMervatory is not undw oonlral. Tbete is n smaU and anpaKOtlv fresh o, II i 
^|ra close by and tbe foundations of the Digaibsa Yanira have alraaSy 

partly worn avk&}\ Men 

ol. ^ oblatory now consists of lie' following instruments -- 

(aj The Samrat Yantia. 

(6) The Daksliino Vritti Yaiitra. 

(o) The Nari VaJayn Yantrai 
(<0 The Dignmia Yantm. 

Tbeee nU. in a state of rain. Tbe fonndatiooa of the Digamie Yantra 
Lave evidently naoved and it. walls am badly cracked. The Snov^tH 
bentra m mcbnrf to tbe perpendicular at an angle of about a d^m ^ 
IS possibly due to the faidty structure, fo, the fonndstions for tiisIX ^ 
of maso^ seem to be msdequnte. Tbe Samrat Yantra is in a dilmi I * J 

‘orth ‘^“a.ra^!rv°'‘l‘ diMppeared from tbe Knri Vaktn^ 

..^^tifrirrgtcomi^rbV^r 

state. It is practically of the same sise as the'one " tna;^ ij X 

one at .Jaipur namely, 22 feet high, the edge of the gnomon J7^101 eT '"' 
radius of each quadraul 9 feet 1 inch In itq/i l ^ 

visited Ujiain, the quadraute were divided into 

tho 0 .^ o, the Aants where". t^tutre^of^f t””'' r™‘ 

at right angiwi (611. BF agnrwi 34 and 33) were drawn on !bo “ 

perpondienlar to its edge. From tbe points (ff. F) where there r 

of the gnomon seal., ot tangents were msrled on the'edi^” Sl'ra 
gradjmtions have dimppeared. (For the theory of the instrameiu 

The Dalmhinovrilti Tan.«.-(' Merdian imirinment') nZr!,’‘“i ’ 

and m igore «2. The masonry work is fairly intact but the ' P ";*® XXfV 
disappeared. The instrament was origindly somelbinit h^e 

It eensism of.wnu lying in the meridian Ji ot ita 
a double ,undrant the centres of which were at points near the ttp ^nTera 
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of the wall and 2o feet apart. A portion of one qtutilraiit ia still visible, en¬ 
graved in the lime plaster with which the wall is faced, but this is probably 
not the original graduation. On the ledge below the quadrants there are traces 
of a scale of tangents. On the west side is a flight of steps (figure 62) leading 
to a nanow platform at the top. At the south-west end of this platform is a 
small pillar, 2 feet in diameter: According to Hunter this was ** graduated 
for observing the amplitude of the heavenly bodies at their rising and setting; ” 
and was called Agra YatUra (‘ amplitude instrument The graduations have 
now disappeared. At the middle of the platform and on the east side is a 
small projection of the parapet 2 feet 44 inches long and deep. On this. Hunter 
tells U3, was “ constructed a horizontal dial called Ptubita Funler." Tliere is 
no sign of this dial now. 

The Mari Valaya or * Circular dial' is coustructed on the same principle 
as those at Benares and Jaipur. It is situated a few feet to the south of the 
Samrafe Tantra and consists of a cylinder 1\ feet long 3 feet 7^ inches in dia¬ 
meter, whose aitb jfi flxed horizontally in the plane of the meridian, the faces 
ot the cylinder being cut parallel to the plane of the equator. In the centre 
of each face and at right angles to it woa an iron style round which was a circle 
graduated into and sulMlivisious. The styles and graduations have disappeared. 

The THg nmoa 7antfU is similar to the one at Benares. It is situated quite 
close to the Samrat Yantm on the east side and consists of an outer circular 
wall 36 feet 10 mches in diameter and 8 feet 10 inches high. Concentric with 
this is another wall 24 feet 4 inches in diameter and 4 feet 6 inches high. 
Originally there was a pillar at the centre but it bos been removed. Cross 
wires were stretched north to south and east to west on the outer wall. At 
the four points of the compass in the outer and inner vralls were arched open¬ 
ings, but all of those in the outer wall except that to the west^have been filled 
up. The outer '.vails are badly cracked and a great part of the foundations w 
now exposed. This is due to the bad drainage of the slope to the river. The 
nullah that passes close by the Digam^ A'antra could easily be diverted. In 
Ilunter’s time the building waa “ roofed with tiles and converted into the abode 
of a Hindu deity '* so that Hunter waa unable to examine its conatructiou, 
This is of interest as showing that even in the eighteenth century the instrument 
was no longer used for aatronomical purposes. Hunter also writes*:—" Urania 
fled before the brazen fronted mars, and the observatoiy was converted into an 
arsenal and foundry of caimon.” 

52. There appear to be no records of any astronomical inatrnments at Uj- 
jain earlier than those installed by Jat Singh. The date of the construction 
of his observatory is uncertain but it was probably between A. D. 1728 and 
A. D. 1734 (see page 139). Tnere is no record as to w-hether or not the instm- 
ments were ever used for actual systematic observation but we know' that before 
the end of the eighteenth century they had ceased to be so used. 

'Thfim m joint amb4guitj in ElniTter's PDltTfitpp hvt Fanny P^rkra o/ n 

n, tumi it inia a fat fllitt ; ** Tlicr obe&rvfltoTT nt Oiajem Jmi eincp n 

rnn fcondiy at H"r islonxiAtipn oKtiunnd Cram Hnntirt^ 





C8 ASTRONOMICAL OBSERVATORIES OF JAl SINGH. 

The earliest (mown description of the Ujjam observetoty was by the Jesuit 
priest, Tieffenthaler. who travelled in India from 1743 to 1786. His aecount*^ 
of the observatory is as follows:— 

" Not far from there is a suburb built by Dj^ing, King of Dj^pour, a ci-devaut 
governor of this province (Malwa), An astronomical observatory is to be seen there, 
with instruments, made of cement: namely two equinoctial dials, one large and one 
small; a gnomon (axis mundi) elevated according to the height of the pole at 
this place and set in the meridian ■ and on either s.‘tle of this is a quadrant of 
a geometrical circle; also a dial made in lime and a mmdinD wall in stone.'' 

The only other account of any value b that by Hunter (from which we 
have already quoted) who accompanied the Agra Resident’s expedition to Ujjain 
in 1792-93. He briefly describes the instruments and he states that Jai Singh 
determined the latitude of Ujain to be 23'’ 10’ N. and Hunter hiwiaftlf took con¬ 
siderable trouble in verifying this result which he considered correct to the minutes. 

53. Restoration. — There baa been considerable dLscusston as to the best means 

of preserving Jat Singh’s observatory at Ujjain ; and it has been suggested that 
it should be restored and improved so as to be of help in the work of reforming 
the Hindu calendar. The instruments as they now stand are, however, far 
too dilapidated to be restored satisfactorily for practical purposes. They should 
be preserved as relics and only restored to such an extent as to abow them 
more or less in tbeir original state. To attempt to do more with them would 
be foolish. Originally the instruments were by no means the beat devised by 
Jai Singh and they never wore instruinente of accuracy in the modem sense. 
The work of restoration should have for its cud the proper preserv'ation of the 
iostruments in their original form: and to this end I make the following st^estions: _ 

(i) The drainage should be properly regulated, (It should be quite a simple 
matter to divert the drainage from the foundation of the instrumenti.) It also 
may be considered desirable to construct some protection on the river front, 
(ii) The ground surrounding the instruments should be levelled; the trees, re¬ 
moved, etc. (iii) For the particular instruments the following suggestions are 
made; («) The Samrat Tl antra.—^This should be restored on the same lines 
as the Benares instruments but Europeans graduations and symbols should not 
be employed. (6) The Hakshinovritti Yantia presents considerable difficulty 
because of its list. The only solution seems to be to take it down and rebuild 
it stone by etene on a seenre foundaticn. (c) The Digamsa Yantra presents no 
great difficulty but parts of the walls will have to be taken down and rebuilt. 
Its permanent preservation is a matter of drainage. Tbe croos wires should bo 
replaced and the graduations on the walls remarked, (d) The Nari Yalaya 
requires regrad nation and the replacement of the styles, 

Ujjain the Greenwich of India. 

54, Ujjain (the ofijioj of the Greeks) or Avanti as it was often coiled, ts 
mentioned in early Hindu AstronomicaJ works as situated on tbe prime meridian 
and tradition also makes it the centre of astromomical learning in W l k . 

liisUmtckt—BixAnibuftg k>ji HMuMian, vtiL i* ZI6. " ' 

Tt 1700, p. l&l L 
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In the Pahchisiddhantiha (ziii, 17) we read: “ UjjajTm U near to LankS, 
beintf situated to the north on the same meridiau; hence the noon of the two 
places ocQure at the same time, but their days are unequal with the exception 
of the equinoctial days,” The latitude ia given (v. 19) as 24'' N. and ” the 
natlikaf arising fiom the difference in longitude from Yavuna are seven and a 
third in Avanti, nine in Varanasi.(iii, 13.) 

The S«ryo SiddhA^\ta (i, 62) says: “ Situated upon the linn which passes 
through the haunt of the demons' and the mountain which is the seat of the 
Oodi^ are Rohitaka and AvantI as also the adjacent lake,” 

Alberuni’a diBcussion of the position of Ujjain is of considerable interest, 
lie writes:' “All canons of the Hindus agree in this^that the line connecting 
Lanka ttith Mem divides the ducoif^doj lengthwise in two halves and that it 
passes through the city of Ujain, the fortress of Rohitaka, the river Yamuna,* * 
the plain of Taneshar, and the Cold mountains. The longitudes of the places 
are measured by their distance from this line. On this head I know of no 
difference except the following passage in the book of AiyabhaU of Kusumapura: 
—* People say that Kurukshetia, t,e., the plain of Tfineshar, lies on the line 
which connects I^ankii with Mem and passes through Ujjain. So they report 
on the authority of Fuliw*. But be was much too intelligent not to have 
known the subject better. The times of eclipses prove that statement to be 
erroneous, and Frithusyatnin maintains that the difference between the lon^tudes 
of Kurukshetra and Ujjain is 120 yojanas.* These are the words of Arya¬ 
bhata. Ya'Kiib Ibn Tarik' says in his book entitled the Com'position af the 
Spherte, that the latitude of Ujjain is 48 degrees, but be does not say whether 
it lies in the north or south. Besides be states it, on the authority of the 
book Al-Arixiiid to be If degrees". We, however, found a totally different lati¬ 
tude of Ujain in the Etame book in a calculation relating to the distance between 
Ujain and Almansura,* which the author calls Brahmanavata, i.e., BamhanwiS, 
«* 2 ., latitude of Ujain, 22“ 49'; latitude of Aimansiira, 24“ 1', According to the 
nAmti book, the straight shadow in Lohaniyye,’'* i.e., Lohaiilul, is 5} digits. On 
the other band, however, all the canons of the Hindus agree in this, that the 
latitude of Ujain is 24 degrees, and that the sun culminates over it at the time 
of the summer solstice.*’ 

^ YnVAEUt li Al«xiiwlrbi whoim jf Hngi fcndn ii H|ipi«iiiDiittc!ly 5i' K. of ORH^ELwidi. and 

ihiid boiin 56 inj:ntiterfl=44 d-c-gmi and Tlw^e givit tho of UDsId 

ami VarftiiaBZ tBanansa) u GV ittd 63* 61% Tboir loo^tades are appinxiaiiitAdj 75" iT*" uid SS’ 46*^ 

* Lutk^ 

* Monnt hlirm. 

* India ^ Soahim} h 3L6L 

* 1 At. Mathurl i4»atti^ to Albcnmi (It 606]. HutuiakAr lie ajii, k ia tike dktriirt of MolUti, It 
wlm deserted in AJlveniili'f tism, 

* r Fi A.!X ioa 

Died A*0^ 7U6 k umi pL 4^ 

■ Xbia £d!Uft bo an oqnlnootiaJ pihadew kcglbi vbkih B. tk^titude f>l p = ^1' langUy. 
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Again he saya (i. 308):-“ The city of Ujain, which in the tables of the 
lonptuiies of places is mcntionad as Uzain, and aa ritnated on the sea, is in 
reality 100 yffjana difflnnt from the sea, etc/' 

Bhaakam m Lia tHiddMnta Siromani {GaitUa vn, 2) writes“ The line which 
passing above Lanka and IJjjajini and touching the region of Kanikshetra and 

other places, goes through Mem—that line is by the wise regarded as the central 
meridian of the earth.” 

Bhaskara also mentions Ujjnin in several other connexions as the place of 
zero longitude and he gives ita latitude as ‘ one sixteenth of the whole circum¬ 
ference. north of the etiuator. This is equivalent to 22^ degrees north, whereas 
the latitude of the pre.sent city is about 23^ 11', that of Jai Singh’s observatory 
being approximately 23“ 10' 24’. Another value was obtained from the length 
of the equmuctial shadow which was given as 5 da^das 10 minutes, or 310 
minutes. This’ is the shadow of a gnomon 12 or 720 minutes high and 

hence the latitude = 17' 40'^ 

65. The question of the formation of a new observatory at Ujjam is one 
of ^eat importance. ITjjsin is one of the most ancient astronomical centres 
m the world and not only should it have a modern observatoiy but it should 
be the centre of Hindu astronomicsJ teaching. Perhaps one of the most im¬ 
portant practical questions to settle is the positimi of such an observatory 
which m to be the position of zero longitude for Hindu astronomer-s. and is to 
accord with the traditional position of zero longitude. To assist in this very 
importent matter the annexed map of Ujiain has, with the assistance of the 
^sident of GwTilior. the Diiector45eneml of Archeology and the Surveyor- 
General, been produced. The Trigonometrical Survey point on the map is Hill 
lays whose longitude la approximately 75“46^44* and latitude approximately 23 ° 
11 6 North, It IS doubtful whether them ever was a fixed position in ancient 
Ljiain which was considered as of zero longitude. Rather vaguely the old city 
of Ujjam—to the north of the present city—was meant; or it is just possible 
that Jai Smgh considered this point when he located his observatory to the 
south of the present city and that the site of Jai Singh's observatory is the 
traditiorml place—but this is doubtful. The plan now to follow is to fix upon 
the position of the new observatory and determine its longitude and latitude 
independently of tradition. The accompanying map should be of help in ob¬ 
taining the first appro.tinmtion3 for the longitude and latitude of such a position 
and it is hoped that it will be of use to the Pandits of Ujjain. 


' Cberia, Attnmotnie Pita, 1M7, n 14 ®. 






Chapter X— BENARES OBSERVATORY. 
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56. The obseivatory is altuated oa the too£ of the old part of the building 
known as the Manmandim, which was built by Man Singh, a Rajah of Ambers 
who flourished at the beginning of the seventeenth century. (He died in A. D. 
1614.) This building is on the west hank of the Ganges near the Maui 
Kaniika ghat and If nuJes Routh-east by south from Queen^s College. The 
proper approach is from the river front, that from the city being through 
narrow, unsavoury alleys. “ Though not very architectural in its general 
appearance,” writes Eergusson,’ “ (it) has on the river face a balconied window, 
which is a fair and pleasing specimen of his (M&n Singh's) age.” (Figure 64). 

On the roof of the Manmaiidira as constructed by M&n Stngh and a little 
over a century after it was built, SawSi Jai Singh of Jaipur placed the astro- 


iiorujcal mstrunients that now form the observatory. Some time about the 
beginning of the nineteenth century the Mritimandira appears to have been 
enlarged,® and about the middle of the nineteenth century it was restored. 
In figure 64 the part of the IVIanmandira that supports the observatory is to the 
right; the circular Digarh^ Yantra is seen above the three balconied windows. 

The geueral plan of the roof of this part of the building (Plate A'AF/), 


shows— 

The larger Samrat yantra (.I.!), the Narivalaya yantra, the Chakra yantra (CC), 
the DigamSa 3'antm and the BUialler Bamra^ yantra. 

On the east wall of A A is a double quadrant or Dakshinovritti yantra 
and to the south of AA is another Dakshii[iovTitti yantra not shown in the plan. 
The grooves shown in the plan were possibly uatsd for levelling purposes, 

57. The Samrit Yantra (AA) is of the same type as those at the other 

observatories and is the same si»e as that at Ujjain and the smaller one at 
Jaipur. Its height is 22 feet 3| inches, the edge of the gnomon is 39 feet 8^ 

inches long and the radius of each quadrant is ft feet 1| inches (see p. 36). 

The edges of the gnomon and the quadrants are faced with sand-stone and 
the graduationH are carefully marked. On the quadrants every half-hour is 
maxk^ by two inlaid metal disc.s, the one towards the north edge being ins¬ 
cribed in Indian characters while the one on the south is in European 
figures. Each edge is also graduated into minutes and quarter miimtea; and 
also into degrees and tenths of a degree. The edges of the gnomon are gra' 
duatod wtb the uaual tangent scales (see page 36). A comparison between 


^ A HhUrrj^ of Indian and KaMiita AreMt^iurrf W. 

’ Ciim{pAn CampbnU'i dr^winf IT73) And Prinaeft'A (a. IMS), Thu Uti-r h ^thh m Bmzr *9 

lUttMlntUd Er^ I tried of % Jamoii 
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a drawing made about 140 years ago (figure 67} anr] a recent pJiotograph (figure 
60) fiboWH that Tery little alteration haa been made, the only noticeable beiiig 
the inlaid metal discs already reforred to, the eraplo^Tnent of European symbols 
and the division into hours Instead of ghatia. 

On the east wall of the gnomon are two gradnatei] ijuadrants (figure 60} 
used as a Dakshinovritti Yantra or meridian inatTUinent. Each quadrant has a 
radius of 10 feet 7 inches. The shadoivs of one of the pins (fised at the top 
of each quadrant) gives the zenith distance at noon and zenith distances of other 
heavenly bodies could be observed directly by moving the eye along the appropriate 
quadrants. Under tbeie quadrants is a platform (shown in the plan) for the observer. 
Apparently in 1773 these quadmnta were not in cAietence (see figure 67) hut according 
to Paui,1it ifapu Seva Sastri they were therein 1665, 

The other Sakshinovritti Yiintra is a self-contained instrument consisting 
of a wall lying in the meridian on the east face of which are two quadrants 
each of 7 feet 91 inches radius. Sir Bobert Barker in 1777 stated that the 
quadrants were of different radii the larger of which he judged to be 20 fee*;. 
If hia description be correct tlie instrument must have been ctitirely rebuilt 
later on, possibly wdien the AtaiiinancTir,i was added to. In 1865 to the east 
of this instrument were three circles of 1(1 feet 3 indies, 2 feet 4 inches, and 3 
feet 5 Inches respectively in diameter ; and also a stone square with sides 2 feet 
2 inches. The circles were possibly used for cenatmetjou purposes. 

The .smaller 8amr.af Vantra calls for little remark. It ia 8 feet 3 inches 
high and the xadiiia of the quadrants k 3 feet 3 inches (figure 05), If the early 
drawing (figure 67) incorrect the instrument has been moved from its original position. 

The Mari Valaya ('circnlur dial’) or (JU/ira dakahiuo Gofa (north and south 
dial) is a cylindiical dial—the axis of the cylinder pointing north and eoutk^ 
and the northern and southern faces being parallel to the plane of the equator. 
At the centre of each face and at right angles to it is a short iron style sur¬ 
rounded by two circles— the outer one (on the northern £ace}‘ graduated in 
hours, etc., and the inner one in jr/Aa/k, etc. Besides serving as an ordinary 
dial the instrument marks the equinoxes, since the northern face can only be 
used for sun observations when the sun is north of the equator. The uiscrip- 
tlon on the instrument reatls :— Narivalaya Dakshin aiul Uttra Uola. The use 
of this Instrument is to fliid whether the heavenly bodies are in the northern 
or southern hemisphere. It gives time also.'* 

The Digainsa Tantra (‘ .Azimuth instrument ') uiark«<l DD in the plan is the 
large circular building at the east of the terrace. It is partly ’idsible in the 
general view of the MUnmaiidint (figure 64), The exterior diameter is 31J feet, 
the outer wall is 8 feet 4 itichej high and the inner wait and central pillar 
are each 4 feet 2 inches hiih /and an iron rod fixed to the central pillar is of the same 
height as the outer wall. The tops of both walls were originally graduated 
into degrees, etc, ; and cross wires were stretched north to south and east to 
wept on the outer ivall. The use of the instrument is to measure azimutlui 


* Then ji ijui!' iailitratlon Uw. ihia JiutiuniBUt vh bumIb lor northrm obMimtiDiui triiSj. Siw p, 3ft. 
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or horizontal angles (see page 3S), but it is now of little practical use owing 
to ita being aurrouiided on all sides hut one by btiilditiga. 

To the south-east of the Digadisa Yantra there lised to be another dial 
whose dlatncter was 6 feet 2 mchea. It was on a platform slightly higher than 
the terrace, and approached by steps. At the present time there is no space 
to accommodate such an mstrument and Campbell's drawing of 1773 {figure 67) 
show's no such instrument. However^Williains mentioned that it had been es- 
cluded from Campbell’s drawings* and it was mentioned by Hunter in 1797 
and by Pandit Bapu Deva ^astri in I860. 

The Chakra Yantra is showm in the plan at CC. It is an equatorial and 
was common to most ined.ia>val observatories. It consists of an iron circle 
(declination circle) 3 feet 7 inches in diameter, one inch thick and two broad, 
freed with brass on which degrees and minutes are marked. The circle is fixed 
so that it can revolve round an axis parallel to the earth's axis. At the south¬ 
ern extremity of this aida and on the pillar which supports tlie instrument is ^ 

a graduated circle {hour circle) in the plane of the equator (figure 65). There 
is no pointer for this hour circle,, and , according to Hunter, there was none in 
1797 . Attached to the centre of the declination circle is a sighter consisting 
of a hollow brass tube (figure 68) but this ia comparatively new. Hunter wrote; 

" Observationa with this instrument cannot have admitted of much accuracy 
as the index is not furnished with sights j and the pin by which it is fixed to 
the centre of the circle is so prominent, that the eye cannot look along the 
index itself.” In figure 68 can be seen what ia probably the old index and also 
the new tube sighter. 

The sighting aTrangemcnt is fixed to the big circle by a pin and Ibis pin 


Fro. es. Tnx Fahas pi Hq»b. 


* Phit TranA. Bo}’a1 S<r. l 10. 
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is fixed bf a cotter or wedge, shaped rouglih^ into some tsemblnnce of a horse's head 
(figure 6S). Ini the' section on the astrolabe (page 18) it was stated that the 
Arabs called such a wedge faros ('horse') and that in ruedia'val Euiv>]:fe it was 
generally made into some semblance of a horse's head (see figures 24), " Thorw 

which Pyn,” wrote Chancer, " tlier goth a litel wegge which that is cleped 
the hora that streyneth alle these parties to hepe." There is abundant evidence 
to show that the horse shaped design of the wedge was brought to India by 
the Muslim^ and the example on the Chakra Yahtra is interesting aa evidence 
of the persistence of a traditional design, and in some degree as evidence of the 
ultimate source of the design of Jai Singh’s instmmente. 

58. History.— The Manmandiia was built about the beginning of the seven¬ 
teenth century. Campbell's drawing of 1773 and Prinsep’s of 1825 and recent 
photographs enable tia to some extent to trace the additions and alterations 
made. The part of the facade that is directly tinder the obaervatoiy belunga 
to the oldest part of the building and that part that has no balconied windows 
is comparatively new (aee figure fil). The fine window on tlie extreme north 
(right) of the building was given by Prinaep in his lUuatrations of Benarea and 
has been described by- Ferguaeon and Havel], 

The astronomical instruments were added by Jai Singh about A. D. 1^37,' 
The date is not certain and nearly even- writer gives a different one. Sir 
Robert Barker, who was almost a contemporary of Jai Singh% said that the 
ob.servatory wua built by Akbar ; Prinsep wrote : " The building was converted 
bto an observatory by Jysing, A. D, 1080” and refers to a supposed des¬ 
cription of it by Tavernier;* * another writer gives A, D, 1693* and anotber 

1700. Father Boudier who visited Benares in 1734 and made astronomical 
observations there makes no mention of the observatory, Jai Singh himself 

tells us that m order to confimi the observations made at Helhi he constructed 
instruments of the same kind at Jaipur, Mathura, Benares and Ujjain ; and the 
iJitlhi observatory was probably built about 1724 ; that at Jaipur was built 

in 1734 and William’s date for the observatory at Benares, 1737, may be ac¬ 
cepted. 

50. Early Description^.—In A.D, 1777® Sir Robert Barker, who was for a 
short time Commander-in-Cbief in Bengal, published a description of the instru¬ 
ments together with a perspective drawing of the observatory as a w'hoJe and 
detailed drawings of the Samrflt Yantra done by Lienteuant-Cnlonel Campbell, 
Chief Engineer of the Company’s service. The perspective drawing is here re¬ 
produced (figure 07) and it shows that the main features of the observatory 
are the same to-day as they were nearly a century and a half ago. There are 
apparent differences but some of them may be due to the nature of the 
drawing; e.g., the Narivalaya and the amall Samrfi^ appear to have been 

* Tbi* lln tbo Jitu bj Winianu, who, m itU {ninta tUe can bo voiiiivA. in mtreiiitily KlJAble. 

Sw 130, 

^ rflr Hubert Barker Uv*d Iwni I721S I7a& und wimt. miito IndH in 171^ Mil after Jai feJkigbV dealJi. 

■Tiitfns^T in i<S fl, thr*^ ytearn after Jai birth* 

partii^ulAr tsoieUiitc i« rtipnatod m iba Enc^hptiidiA Bniirnnica^ i-ctj, 3, p, ^n, 

* Sir ilulfiiEfi Barker kit. ludJa m [ T73. Eh jiuteii mud tha dravringi MCf pfubahJly niuiB- m 1573*73, 
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displaced slightly ; the wall that aupporta the east qiiadrant k different in detail; 
there are no graduated quadrants on the cast wall of the gnomon; the edge 
of the plinth on which the larger Samrat etanda has changed its alignment; 
and in the drawing no plinth at all k shown for the other Inatriitnenta. From 
the notes of Williams and Hunter it appears that the drawing is somewhat 
incorrect, or at any rate misleading for the south east comer of the terrace, 
foe it shows no trace of the second Nari Valaya described by them. 

Sir Robert Barker’s account of the Benares Observatory was of the nature 
of a communication to the Royal Society, London, Further information seems 
to have been asked for and this was supplied by Mr. J. L. Withams of Benares 
^ in A.D. 1792, who recorded verv careful measurements and added some iutereei- 

ing details as to the history of the place. He writes; “ The area, or space 
compmii\g the whole of the buildings and instruments, is cahed in Hindoo, 
d/aun-mniMfef .* the cells and all the lower part of the area, were built many 
years ago, of which there remains no cbroiiolo^cal account, by the Rajah Man¬ 
sing, for the lepixje of holy men, and pilgrims, who came to perform their ablu¬ 
tions in the Ganges, on the banks of which the building stand. On the top of 
this the observatory was built, by the Rajah Jetsing, for obser^ng the stars, 
and other heavenly bodies ; it was begun in 1794* Samhat, and it is said was 
finished in two y^ra. The Rajah died in 1800* Sambat. The design was drawn 
by Jaggernaut and executed under the direction of Badaahu Ma Makajin ; but 
the head workman was IVtahon, the son of Mahon, a pot maker of Jepoor. 

In 1799 Hunter gave a brief description of the observatory^ supplementary 
to the previous acconuta. He speaks of the accuracy of Mr, William’s measure' 
ments and explains some of the terms used ; and clears up one or two other 
points. In 1848 Sir Joseph Hooker made excellent drawings of three of the 
instruments and in his diary lecordst that " the observatory is still the most 
interesting object in Benares although it is now dirty and ruinous, and the 
great stone instruments are rapidly crumbling away." The only other descriptioiis 
it is here necessary to mention are those by Pandit Bapu Deva fiastri ; Lala 

Chiman Ijal, and Pandit Gokal Chand. 

RestorationB,— Of previous restorations we know very little. Sherring states 
that the Brahmans "were utterly careless” about preservbig the instrumenta. 
According to Havell the Monmandita was restored in the middle of the nineteenth 
century. In 1912 the present MahUrEja of Jaipur ordered the complete reatora- 
tioD of the instruments. This work was very thoroughly done under the direc¬ 
tion of the court astronomer. Pandit Gokal Chand. 

The observatory at Benares has long since ceased to be used for practical 
purposes. The Brahmans consulted by Williams iu 1792 all agreed that it 
'‘never woa used for any nice observations." Its present .situation, aurraunded 
on most sides by buildings, is not ideal for astronomical purposes ; and the in¬ 
struments are of course very crude compared afith those in modern observatories. 
The value of the observatory is chiefly historical ; it is a monnment to one of 

‘ A.D, list. ‘A-D. 1743 

t Jjftmojasian Jaurnal*, ia&4, pp. 74 —^77. 









0(5 ABTBONOMICAL OBSERVATORIES OF JAI BINOR. 

the brightest intellecte of India ; and it iUnstrateg a very interesting phase of 
the history of antronomy. It might have another value if advantage were talcen^ 
namely an eduoational one; for the demonstration of the elements of practical 
astianomy a better set of instnunents could hardly be devised. But, apparently^ 
astronomy is no longer studied at Benares, Ujjain and Jaipur* 
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Chapter Xt.— MATHCEA OBSEEVATORY. 

61. The old fort, at Mathurfi, known as Kans ka kila was rebuilt by Eajii 
Man Singh of Jaipur. On the top of this fort Jai Singh built the last of his 
observatoriGS. The w* *ho1e of it has now disappeAred. “ A little before the 
Mutiny,” Growsef tells m, “ the bmldings W'ere aold to a government contxactor 
Joti Prasad, who destroyed them for the sake of the materials. Certainly 
they had censed to he of any practical use; but they were of intereat. both 
in the history of science and as a memorial of one of the moat remarkable men, 
etc." 

Tieffonthaler and Hunter give brief descriptions of theMatbuia observatory 
and as these appear to be the only actual descriptions preserved they are given 
in full. Tieffenthaler’a account (i. 143) ia as follows •— 

“On the roof of the fortress are seen certain astronomical instruments, 
erected by the famous Rajah Dj^aing, a lover of astronomy: principally a gnomon 
in lime stone which represents the asis of the earth, 13 Paris feet in height; 
£ome etjninoctial dials of 5 spans in d ameter j and some other smaller ones 
arranged for the latitude of the place; while other instruments eixhibit different 
sections of the sphere. The observatory is only a feeble imitation of that at 
Djepour; but it has the advantage over the latter of an elevated situation 
w'hich dominates an immense plain, while the observatory of Djepour is situated 
in a plain and the rising and setting of the stars cannot be seen except from 
the top of a nmsoniy gnomon of prodigioufl height.” 

62. “At Matra,” wrote Hunter in 17»9,^ “the remains of the observatory 
are in the fort, which was built by Jayasinha* on the bank of the Jumna. 
The instruments are on the roof of one of the apartments. They are all ini* 
perfect and in general of small dimensions, il) An equinoctial dial, being a 
circle nlna feet two inches in diameter, placed parallel to the plane of the equator 
and facing northwards. It is divided into degrees, which are numbered as puls 
10, 20, 30, 40, 50, 60: lastly, each subdivision is further divided into five parts, 
being 13 minutes or two pais. In the centre is the remams of the iron style 
or pin, which served to east the shadow.* (2) On the top of this instrument is 
a short pillar on the upper surface of which ia an amplitude instrument, but it 
is only divided mto octants. Its diameter is two feet two inches.* (3) On the 
level of the terrace is another amplitude mstrumeut, divided into sixty equal 
parts. Its diameter is only thirteen inches. (4) On the same terrace is a circle, 
in the plane of the horizon, with a gnomon similar to that of a horizontal 


f Diwtnt^ Mtmovr^ I6S3| p- 
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dial, but tbe divisions are equal, and of six degrees eaob» It must therefore have 
been intended for some other purpose than the common horizontal dial, unless 
we may conceive it to have been made by some person who was ignorant of 
the true principles of that inatroment. This could not have been the case with Jay- 
sinha and his astronomers; but the instrument baa some appearance of bei^ 
of a later date than most of the others: they are all of stone ot brick, plais- 
tercd with lime, in which the lines and figures arc cut; and the plaister of tbe 
uiBtrument, though on a level with the terrace, and consequently more exposed 
to accidents than tbe others, is the freshest and most entire of them all. (6) On 
the east wall, but facing westward, is a segment, exceeding a semi-circle, with 
the arch downwards. It is divided into two parts, and each of these into fifteen 
divisions. Its diameter is four feet. On the west wall, facing eastwards is 
a similar segment, with arch upwards divided into the same way as the former. 
Its diameter is seven feet nine inches.*^ 
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CHArrBR XIL—HISTORICAL PERSPECTIVE, 

03. To enable iis to place the material collected in ita proper historical 
perspective^ it is necessary to survey briefly the developmciit of astionomlcal 
science as it affected Jai Singh s wort. Tn making such a aurvey it is ncccs- 
aary to bear in mind not only the particular theories, topics and methods to 
be elucidated, but also the views of pre\douB writers. 

Of Jai Singh’s theories we have but little information : tradition or mistake 
has allotted to him the whole Ptolemaic theory, and possibly he accepted it 
all; but he must have been actjuainted with the teaching of Kepler, Galilei 
and Newton for he possessed the works of La Hire, Flamsteed and others. 
The topics he dealt with are outlined in the preface to the Zij Muhammad 
Shdhi. Principally he was concerned with the design of instniniGnta and 
practical observation with a view to the preparation of a catalogue of the 
stars , etc. His bent was practical/and he was particularly anxio us to eliminate 
instrumental errors. 

These points have been illustrated in the foregoing chapters whicli also have 
indicated incidentally the sources from which Joi Singh obtained his aatro- 
noniical notions and inspiration for his methods. There is not the slightest 
doubt as to the main influence that directed his activities—it was that of the 
Muslim astronomers of the type of Ulugh Beg; but it is still popularly supposed 
that Jai Singh's work was principally, if not wholly, of Hindu origin, and pre¬ 
vious writers have helped to strengthen the notion. Sir William Jones was one 
of the first to give this impression; " The Sanskrit work,” he saya,^ " from which 
we might expect the most ample and important Information, is entitled Chetmd^rm 
or a view of geometrical knowledge, and was compiled in a very large volume by 
order of the illustrious Java Sing ha comprising all that remains on that science 
in the sacred language of India." At considerable trouble and expense this work 
was published by the Bombay Government and it turned out to be a Sanskrit trans¬ 
lation of Nagir al-Din al-TusI's editiou of Euclid’s Element k Hunter was also 
misleading in a negative way, and more recently Garrett’s (otherwise most excel¬ 
lent) book is somewhat remarkably wrong on historical matters. It practically 
makes Jai Singh the author of the Almagest, and the Hindus the inventors o£ 
the aBtrolabe; and generally gives the impression that Jai Singh's work was 
wholly of Hindu oripn. “ He revived Hindu astronomy, ” it tells us, “ and gave 
such "an impetus to its study as had not been known in India since the time 
of Brahmagupta in the seventh century.”* 

It is necessary, therefore, not only to trace Jai Singh’s theory and practice 
back to their proper sources^ but to examine in some detail the possible connex¬ 
ions between his work and the traditional Hindu theory and practice. 

» Tfc* iwrfei fi/ Sfr IFiWirt™* wifA lA* Lif* of tht Aithot. fly IVigiuuuuth. tol, lii. p. 249. 

gj[ W, iToiieB wm umiilly wnmg actranOTiitcmL nittlDfa. Hu emphoeiiiea Um n'Hn miaiakfi Lu tlik Inataiwe 
by bia cMtiPB to otbnwt "PniTWiid.” tm sup. “ilmt tlw utmoul oritieil mgacity were dtpiiliud imth- 
tinguiftUTt^ lueb werlu.” 

»Pp. 1»,3 \ 21. 
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For purposes of exposition it is convenient liere to speak of the influence 
of three schools of nstionoinj (i) Hindu, (ii) Blnslitn and (iii) European.* Jnf 
Singh was to some extent in contact with all three^and it is a matter of con- 
sideiable interest to determine the quality and quantity of their iniluence on 
him. Although be actually lived in the eighteenth centui^^ of our era the in¬ 
fluences that directed hia activities were medfa?val: little advance had been 
made by the Hindu nnil lluslim scboola for centuries and the aflvances in Europe 
were too recent to be fully appreciated. 

Hindu Abtronomy.* 

G4. There ia a certain amount of very interesting mythological astronomy 
tecortled. in the Yedas hut the earliest formal Hindu astronomical works are 

the JijQtisha Veddttga and the Surya the latter of which exhibits a 

strange cosmography (with two suns, two nioonn, etc.*) while both have the crude 
elements of a acieiitific astronomy. These works are of considerable historical 
interest t they show little, if any, Greek influence. 

Soon after the beginning of the Christian era the traditlDual astronomical 
system in India was largely discarded and the system in vogue in the Greek 

schools was imported and assimilated. In the Paiichu Siddhtlntiha of Varaha 

Mihira we possibly have stimniaries of two western books— the PaidiSa and 
Itomaka Slddhdnlnn, but quite apart from this there is abundant evidence to 
show not only Greek influence but Greek dumination. The representative Indian 
work that exhibits the astronomy of this period Is the Buryit Sxddlmda. In 
its original foxni this work wa.s probably composed about A.D, 400, and the 
recension now in use about A.D. ItOD. Since then very little attempt at advance 
has been made. The orthodox still accept the Silrya SiMhdtdd as authori¬ 
tative and other works are not e.'wentinlly diflerent. 

Such are the facts, but there has been an extraordinary amount of mia- 
conception current. According to Hindu tradition the Hurya SiddMoia was 
composed some millions of years ago.* BailJy towards the end of the eighteen 
century considered that Indian astronomy had been founded on accurate obser¬ 
vations made thousands of years before the Christian era. Laplace, baaing hia 
arguments on figurca given by Bailly, decided that some 3,000 yearn E.C. the 
Indian astronomers had recorded oli.ser^'ations of the planets correct to one 
second ; Playfair^ supported Bailly'.s views; Sir William Jones argued that correct 
obsen^ationa must have been made as early as 1181 E.C. ; and act on; but with 

^ Tbp fiiia3rttfrn of CUnwfl ijiilu>Dncr bou mil qiaiiflqrli^nni] ; Ijiii it Lt lu ncite thrit in ihv 

BKHiury" Hmj Ffonsb .TritiltJi l}pl|M>d thn t1iLu£^ in tliirif tatrtinomy^ and Qt Peking n fdw yeM 

Mutn WYBTa] UtTRi? UiPtraTiitinK #VTp|30«.*d ki \m by FftlW Vi*rliit*Ft, DOp]ra1 inim t.hfjtt* oE 

Ty^ho and ^ Huiiiijn bulmniriita of mi Diulmr dale. G, Ft rlw Hiitary of A^mnirmv 

pp, 

■Tbif foJ’^owing noti:* niiompt to jfivn tniy only o fair nntbn of Kindu aitfcnomf. No attrinp 

liii bt™ mfidt? i*i For further iuJtkmiatiiirk [oferonoo ihould ha nmclii to the wnrki tJiumrjittfiiJ 

in thi? jum^xed bitiLiograpby 

■ Tiiri* t-«troni7TnirAl i.otiona of the enrly writers were often fj? f&ore nbaur |l 

* nryd i, 

* ti^rwucd p butli Ijjfiliiei? mid Fkyf buj retiMrtodi Soo my Htmiu 
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tlie lesearclieH of Bentley, Culehrooke, Weber, Wliitney, Thilmut luid others more 
cc^rreet vie^ra were introdiiced; and it has long been known that the figimrs used 
by Bailly are comparatively modem. 

Vedic Astronomy. 

65. Yedic Astronomy is more poetical than exact atid it is of interest, apart' from 
its poetic value, chiefly as a subject of controversy. Certain scholars, 
Dikshit, Tihilt, Jacobi and others, argue from rather vague astronomical premiaea, 
partly baaed on the text«, an extreme antirpiity for the Vedic writings; others 
do not accept their views. 

The Vedic year was 12 months of 30 days each and an w^caaional inter¬ 
calary month, * *' the thirteenth month fabricated of days and nights, having thirty 
members.” (A.V. sni, 3, 8.) There is no indicotion of any deflnite cycle. 
(Tlie five-year cycle appears later.) The year was also divided into two equal couraea 
or a uotheru course or VUardijatm beginning at the winter solstice, 

and a sou them course or Dah^himijaHa beginning at the summer solstice. 

In the Rig Veda two asterisms only are mentioned, JIagha and Phalgtinl; 
but in later Vedic texts {ejg., A.V„ xix, 7, 1-5) a complete list of the 28 

miishatras or asterisms is given. This list is lieaded by KpUihdtt or the Pleiades, 

which marked, it is believed, the vernal equinox of the V'erlic year; and this 
is a foundarioii, although not a very secure one, for Vedie chronology.* 

If the vernal equinox was nmrked by Kflttihus then the period of fixing 
this was about 2350 years B.C., when the vernal equinox was approximately 
of the same longitude as Alcyone ( 17 Tauri) the brightest of the Pleiadesi. But 
the only evidence we have is the occurrence of the list of mdeshatras with 
Krittikas at the head and, if the assuntption made is true, the only legitimate 

conclusion is that this lisst must have been prepared at some time after 2350 B.C. 

It may have been an exolic list; or it possibly^might be a genuiuc record of 
Hindu observation at some time or other. There is another difficulty' in the 
fact that according to the Hindu records Ki-ittikas apparently iiiurked the vernal 
equinox for a very coiwiderable periixL. 

Other parts of the Vedic texts have also been used for the purpose of 
establishing their great antiquity, e.^., Jacobi attempted to prove that the 
Vedic year conimeuced with the summer solstice. His arguments ate based 
on tha following very doubtful rendering of a verse of the * Frog Hymn :— 

“ Those leaders of rites obser^'e the institutes of the gods, and disTegard 
not the season of [the twelfth month] :* as the year revolves and 
the rains return, then scorched and hcatctl they obtain Freedom.” 

Dikshit,* from a passage of the BraliTnanas (S.B. It, 1, 3 fixes the 
age of its composition at .70(K) B-C. The words “ They (the Kfittikafl) do 
not move from the eastern quarter while the other osterbms do move from 

* A^jnnlinjg tet AJbffrffni (11,, S) in tinin tlu? yonr wba coniiii^ni3i!i>d with Cbitfiif BtiA-drcvpswlSr op 

\| ri^DiAitiBA occufiting to or pmdilicdoiL Sltin itJio jii 

* OlLSpr t ramiliit.irnia give ** ibc twislve 

■ /jii/ian Aniiquiifi^ 1SU5, KXTV, p. 245. 





- 2 ASTROIfOMICAL OBSERVATORIES OF SLVCT- 

the eertem quarter" he take., to mean detoiteir that the eetorbm Kpttihae 
(Pleiades) and no other osteriem was on the equator; and he wntea n uiy 
opinion the statament eonclurively proves that the paasage was eompoaed nrt 
later than 3000 B.C." Many other similar interpretations have keen atnved 

In Vedic texts no definlto mention is made of the pkiwtf., ulthoiigh much 
iuRemiitv has been exercised in interpreting tlie texts otlier^nse. There are possible 
leferenodS to cclipaea which Ludwig, with eome skill, has attempted to identify. 


Vcdahga Astronomy, 

60. (o) The .7,vo(Hf/fO and the Srirtjajtrajhnpii contain the earliest 

formal astronomicai stotemente. The former introduces the 5-year cycle of 
18.^0 apparent solar days. The year ws tropical in theory and contained 300 
appareut solar days and was therefore too long. The sidereal year was 307 
sidereal days. The lunar day or tUM wa.s U ordinary day, but was 

reckoned as equiTalent to an ordinary day for calendar purposes, one tithi being 
omitted as occasion required. There wore 27 nakshatras each supposed to 
occupy -f — 13- degrees of the ecliptic, find each nukshatra was c^onsidered 
to be divided into 124 equal diviBions or ariuSew, The sun therefore traversed 
5X27 astorisms in the five year cycle or aiiiias a day; and to traverse 

one jiatsliatra it took 13^ days -13 days 335 irafds. since there are 603 Mas 
m one day. The moon traversed nakshatrSls in one day and one nakshatra 

in 1 day 7 kalas. 

The five-year cycle appears to have commenced with the winter solstice 
and ^ranahtha is said to have marked the beghming of this cycle, and also 
the Sieginning of the sun’s progresa, and also the winter solatice—all of which 
are in agreement. If ^ravishtha is to be identified with 3, a, y and 6 Delphini 
(as -it usually is) then it marked the printer solstice about B. C. IJOO, But 
a list ot asteriams given in the text begins with ,4ivim (3, and y Arietis), w'hich 
marked the venial equinox about the beginning of the Christian era. The 
Veiliingn states that during the northern pmgreas of the sun the days increoKe 
in length at an even rate of 1* *57 mlnnteg a day or 4 hours 48 minutes in six 
months of 183 dap* ^ the northern and southern progress are considered ecptnl, 

(/j) The Sar?/np«r/dflj)f* is a Jain treatise on astconomy that is similar in 
munv respects to the Vedahga. The Jainas held the old Indian idea of the heavenly 
bodies revolving round tnoimt lleru and as a corollary to this they 
conceived two suns, tw'o moonfi and two sets of consteUattonB. The five-year 
cvele began with the summer solatice with the aun in Pusbya and Thibaut 
thought* this was a correction, from actual ohservatioo, of the older Vedangu 

1 VtSSigit l* lh*< Qiuitp ot ocrtAin vnrtp tn- clam* of work* ngutLiU u to the VoJb. Tbn'y 

peri mUj noiMiiknfd ■» of ■ wnimwliat Uu.'t dalo. 

* Tlie tnhfc d oo page ISl chnwn tJmt mi mcitAat of 4| honri norroipotbili U* i ktltndo 

oi Nm the ahllquitj bving tAltcm u 2S| d^gnN]A, far n sTOt4rr obliqiuty \i womld bt fiirtlwr fiortlL 

» TblbMtt oalcislAies m [mnwaidott of 17* 3^ or n dilfiiimiw o! 124G yvjm beiwooQ tbv Vpdiiiga MiU 
tbo * cantSem u Ui tlu^ mifortaluty ol tbo dudiicLimi. 
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' Aiiother point of difference was the employment of 28 nakahatras of unequal 
extent and this altered, theoreticallyt the positions of the nakshatras—in some 
cases to a very considerable extent, and makes our estimationa of the periods in 
which these works were composed very uncertain. 

The ch&ractcristics of this period are :— 

(1) The five-year cycle. 

{ 2 ) The division of the sphere into 27 or 28 nakshatraB, 

( 3 ) Equal daily change in the length of the day, 

{ 4 ) Onuasion of any explicit reference to the planets. 


Greek Aatconomy in India, 


67, Varaha Mihira and others, about A- D. 550, made popular new ideas 
borrowed from the west: they remodelled the Hindu astronomical system on 
Greek lines. VarSha Mihira’a astrological works contain numerous Greek technical 
terms and show, unmistakably, Greek infiuence. His great astronomical work, 
the PmkiJMsiddhdTttilia consists of summaries of the Paitamaha, Vasiahtha, 
Romaka, Pauli&i^ and Saurs Siddhantas, “ The Siddhanta made by Pauliia 
is accurate, near to it is the Siddhfinta proclaimed by Romaka. more acem-ate 
is Savitra and the two lemainbig ones are far from the truth,'* The summary 
of the PaiUltnaiM SiddUinta exhibits the teaching of the Vedanga stage but 
adds the epoch of 2 Saka (—A. D, 80). The V&tishfha Siddhanta appears to 
represent the transition stage. It alters the longest day rule and iiitnodncea 
shadow calculations and the %na or ‘ rising sign ’ notion; while the other three 
introduce, uneqmvocally, the Greek teaching. The main characteristica of the 
Jioniakt Siddhanta are— 

(a) A cycle of 2850=19 X150 years, perhaps based on the Metonic cycle. 

(i) A yeai of SOS'" S" 55“ 12* which is exactly the tropical year ol Hipparchus. 

(c) The epoch of 427 ^aka (=A.D. 506). 

(d) Oimaaion of mention of epicycles. 

la the Paiiliia SiddhaiUa the following points are noteworthy :~ 

(d) A year of 365'' O’* 12 “. 

(b) A special role for finding the place of the moon. 

(e) Very rough rules for eclipses, 

(d) Differences in longitudes between Avanti (Ujjain) and Varartasl (Benares) 
and Yavana (Alexandria) are given, 

(c) A table of aines agreeing with Ptolemy’s table of chorda. 

68 . The Surya SiddAaiilo is prchably the best known astronomical work of 
the Hindus. The several sections of the accepted text* relate to 

t. Tho mean motioJifl of the planeta. 2. The true placos of tie planets. 

3. Tha gnomon, _ 4. Eelipaea.* __ 


‘ Albonaii wfitc* ft 1531: “ PH»liM-iikldMnt!i, «o tallsd from Paiiliia tha Gnwk. fwm thii city cf 
which I wppoae to t» Alomiulfiii.” ... 

i^arShii MfUiw’airaiiuniiiT of th» work lUflore in aotati (ktaib fmai Uia text nnw in UM tot not 
P«oU-llS.VXl™«tholtto-id«i.HUyearlo tto two works bt m SWdtoto 3M- 6* IT W 

Slddl^^356* 6“ 12“ 5WT>6^. Th« icxt luiw aoecjjtod poBiihly date* from otont A.©. llOd 
fcf tha origioolSBryo PiiklhinU b about A.D. 400, 

''TbUit ffnbjMl wbieb ia tbrarcateat lajatoty, which pc^il^xiH tba mmda ol WRtes of Mtnraomlcol 

worts.” (PiS, i, S.) 
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(J, FUortaiy cmjiuictwzu. 8- lortniraaiti. 

6^ ABteiiwnt 9 . Time. Coarntigonj. 

It Hflliacal nidjigB eni BcttiiigB/ 10. AaWolt^gj. 

00 (a). Th^ topics dealt witk in moat o! the later ifindiH works are ftincla- 
mentaUy the same aa those of the SUrifa Siddkd-»ta^And the following notes 
apply fairly generally to all these works. The earth >s considered as a fix«l 
unsupported sphere round which the other heavenly bodies revolve,* Its dia¬ 
meter ia given as 1,600 yo|ania3 and the distance of the moon as 51,570 yojanas 
or roughly the same relative distance as Ptolemy gives (0J J radii ol the eirth). 
The distances of the other planets are calculated on the assumption that they 
move with equal Telocities. The equation of the centre of a planet is oalcu- 
Uted by assuming epicycle-s, but an apparently indigenona notion is introduced 
by making the epicycle ovah Ptolemy’s theory of the equant is omitted and 
certain other improvements of Ptolemy relating to the moon and ^lercury are 
ft kin omitted. The precession of the equinoses is explained as a sort of libration 
within limits of 27 d^rees east and w^t of a fixed position, at a rate of 54 
seconds a year ; and the obliquity is generally reckoned at 24 degrees. 

The Clreck names of the planets and of the signs of the zodiac were adapted 
and the seven day week introduced ; many Greek astrological terms and some 
Greek mathematical terms were adopted without change. Some of the old 
oosmologictd notions that did nut interfere with the new ideas were retained- 
The Greek teaching was, indeed, aceepred as a whole — but the evidence pointa 
to the curious fact that the Greek astronomy introduced is that of a period 
preceding Ptolemy, although Ptolemy lived in the second century of our era 
and the Hindu-Greek astronomical works did not appear earlier than A.H. 400. 

One of the most notable features ol Hindu astronomy of this period is the 
employment of immense cycles. To express the planetary elements in integral numbers 
the astronomere assumed an artificial epoch of genend conjunction and a period of re- 
curring conjunctions, The last general conjunction was supposed to be at 3102 B.C. 
and the cycle or yuga of recurring conjunction is supposed to consist of 4,320,000 
years.* The planetary olemcnta are expressed in tem^ of this cycle as follows ; _ 
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(a) Oag of the most frequent of the hlndu calcnlationa is oonoemed with^ 
finding the 'sim of daje» that hare elapsed since tlie beginning 

' of a ynga. Thns,at the commencement of the Saka year 953 (A*D. 1031,ieb.*^5 j 
3.344,132 years of the cbatnrynga had elapsed,and ^ bsxsss ± bb ^ s±xbjl to find 

the nnmiber of civil days the oalciilation is as follows* ^ 

12113. ?44,13?.x§ gives 1.196,525 intercalary months .whence the lunar 

days^la^dare 30(12X3.244.132 ^1.196.525)-1,203.783,270. dgain 

1.203.783,270^^ gives 18,835.679 omitted lunar days.and the numher 
of civil days that have elapsed is therefore 1^203.783,270-18,835,679 
or 1,164,947.591, 
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month only occurs when it is complete,hence the fractional 
part 13 omitted, * 
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There was, of cuuise, no general conjiuictioii at 3102 B.C., which periixi 
was arrived at by calculating backwards according to the rules. Bently assumed 
that at that particiiJar time when the calculation was made the positioiva of the 
planets were known witli some accuracy: he then calculated according to the 
SiddJidnta rules the positions of the planets at aeveral periods and found 
them most correct for A-D. 1091 and concluded that the clenients were fixed 
and the work composed towards the end of the eleventh cent cry 


Hfndn Astronomical Calculations. 


70. The important elements 
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(a) One of' 

with finding the or*sum of days * that have elapsed since the beginning 

of an age. Thus tds^d the akargi^ia for the hcgiiming of the ailar year 4294 
of the Kali Yuga th^ealculatioa is as foUows:— 


4*i93 X 13 = 61hift, i 
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5 l| 1 ^ 0,000 

eUpsed ^ 30 {51516+1S33-3770J-1C92&81-329. 
dayK 26.083.253 omitted hmar days u« 34M6-4879 


169^^329 ^603,000,0^ 

and the total oumber of ciribdaya is 156S065-84lG.t 
(6) Another characteriatic example of the calctdations is concerned with the 
equation of the centre (Kendra). The mean position of a planet was calcul' 
ated from its nmnhei of revolutions in a yugu (p. 74). Thia was corrected 
jjy hypothecating certain epicyclic motions. The mean motion in a circle (defer* 
entj gnve wrong positions, so the planet w'as supposed to move in a second 
^ circle (epicycle) whose centre lay on the circumference of the mean circle (de¬ 
ferent) and the corrected poaitton was calculated on this theory. For all hut 
the sun and moon (which required only one) two correctione were made. (1) 
the equation of the conjunction, (2) the equation of the apais — by two separate 

* rhiF tmthttr bm my jAfpctkimy. fBflftraJ hi qiito Knmd hut W 

luiu^t bfl BT^Hpiad m udiibb cn hli pmuU, 
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j KiniRS these two cquationu the * True place ’ of the planet 
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Hindu Star Lists. 

72, The clebcnmnatioii of the poaition of the stars with e:saGtitude does not 

seem to have interested the ancient Hindu astronomerH,^ In early works the 
brief lists of stars^ with celestial ei>-oidinatea given are general tv in connexion 
with the path of the sun and mnan through the nakahatraa. In each nakshatra thu 
position of a junction atar or ijogaiam was determined. The Paheha SiddMvlika 
meutiuiLS seven of these while the Suryd gives the position of 28, one 

for each nakahatra and also of seven other stars. The Siddhanta Siromani and 
Brahma iStVfcf/idnta mention only Canopus and Sirius, A.ftcr these such liste as 
Maheiidra Suri's (given in Appendix A) sutnetimes occur. 

2 . The Pa^cha SiddkantiM record is as follows :— 

The yiigatara uf S|itUta is at the end of the aixth degree and three and a Lalf 
futiUit to the north uf the ecliptic ; that of Bohtai Is at the end of the eighth 
degroe, and live and a half huslas to the noutli uf the ecliptic." (XIV, 34) 
" The two atari! of rnnarvasu are at tlio eighth degree, and to the north and 
south of the ecliptic at an mterval of eight The star ol PnsbTa la at 

the fourth degree, three and a half hanfna to the DOtth," 

Of Atlesha the iLai.ttem star is at the first degree one h<ista (south) \ so also tha 
northern star of Ma^ba the eunjnnction takes place in its own field,* at the 
aivth degree. Of Ch.tra at seven and a half degreea, three httstas to the sooth,”* 

The SHrya Siddhania, gives the pcsltJcns of the chief Btuns of the DAkshntrns 
in terms of polar latitude and longitude.* The Sunja Siddharda stars and their 
position are given in appendix A. 

Hindu Astronomical InstrumenU. 

73 , The only instruments of practical utility for astronomica) purposes des¬ 
cribed in ancient Hindu w^orks are the sun-dial and clepsydra. An armillary 
sphere is also described as an instrument for purposes of demonstration. The 
only Hindu instrument of any antiquity actually found is the clepsydra, consisting 
of a metal bowl Boating in a vessel of water.* 

The following is a summary of those parts of the early Hindu texts that 
deal unth astronomical instruments, (i) The Clepsydra or Water clock is referred 
to in the Vedanga where the amount of water that measures a nddikd 

(^24 minutes) is given. The more ancient form of water clock appears to have 
been simply a vessel with a small orifice at the bottom through which the 
water Bowed in a but later on there came into use the form described 

in the Surga Siddhdnta {XIII, 23): “ A copper vessel, with a hole in the bottom 

^ Albiitimi WtiU^ S3) t Tbn irintilifi mi? Vviy Eittlu lUforiEHMd iTigrtrdlll|r the rftiiii. I MVrJ’ 

PHTPA arrewa any ftm uf Lhctii who kfHW the ain^ts BtAre of the liuiiu atniiojiB fmm 
|Point ihim out to ixw with hi* 

* an ilm QclipUc^ 

^ Biiu3& 24 ungN-AiM *= t heuia Mid tltfi dutEbctcr vd tbv miHfii iw rrickonftcf ii« 1& a^guliU^. bqiJ iti nufian 
rtiftmplor Hfl -T! mitiutJM (Sis. IV, I jwit hain? nppniximately 1 aifirld » 2" S' and 1 ha^ = hi* 12* • 

but pqtBibJy 1 iroB fniiiiiil ha me^iLTfi 2 miiLUti?iL ^Uwi 27 wcupy 'd&[f ancl trm I EtMufom 

iMX]upi£4 13^ tk-get^a. 

* SlT- also JL 8a 

■ It ia tl» ntiJy InBtramjent dwnbiN] in tbo J%n4-Akb(tri (Ed. JArret [6). 

■ E Wkal t)k Indiitn iFaffr Cioc4? J.RiLa, lOlS. pp. 213 ^30, 
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aet in & vessel of puie water, sinka sixty times in a day and night and is nn 
accurate hemisphencal instrument.” The siddhatUikd description^ (XIV, 

32) is similar but adds “ Or else a aadifciii may be measure<l by the lime 
in which sixty slokas each consisting of sixty long Byllables can be read 
out,” 

A later description of the clepsydra is as follows : “ A copper vessel, weigh¬ 
ing 10 pulaJ, six nftffiilits in height and twice aa much in lireadth at the mouth 

_ this vessel of the capacity of 60 palas of water and hemispherical in form 

is called a ghati. The aforesaid copper vesael bored with a needle made of 3J 
mdshas* of gold and 4 angutm long gets filled in one mdikd.'" 

In practice, no doubt, the dimensions of the bowl and the orifice were 
deterniined by experinieut. ShSshara (XI, 8) indeed says i See how often it 
ia filled and falla-to the bottom of the pail of water in which it is placed. 
Divide 60 gkatis of day and night by the quotient and it will give the measure 
of the clepsydra 

(ii) The Gnomon*— The sun-dial described in the early treatises is of the 
simplest kind, consisting of a vertical rod or gnomon divided into 12 divisions. 
The descriptions are of a theoretical nature and do not apply so much to the 
construction of instrumenta as to theoretical calculations. The PctdcfiusiddhoHtikd 
(XIV, 14-16} instructions are; “Mark from the centre three times the end of 
the gnomon's shadow and then describe two fish figures. Thereupon describe 
a eiicie taking for radius a string that is fastened to the point in which the 

two strings issuing finm the heads of the fish figures intersect and that ia so 

long aa to reach the three points marked. On the given day the .shadow of 

the gnomon moves in that circle and the base of the gnomon is the south- 

north line; and the interval in the north direction is the midday shadow. ” 
(III, 1-7) This means mark on any particular day the extremity of the shadow 
at three different times — and these three points are supposed to lie on a circle the 
centre of which is found (in the usual way) by the so-called fish figures.* 

The SdTija Siddhatita directions (III, 1-7) are more elaborate but relate to 
exactly the same type of dial. They are as follows: — 

** (t) Qd a stuay surface, made water level, or upon hard plaster, made level, there 
draw an even ciicle of a radiuB equal to any cequicod number of digita of the 
gnomon. (2) At its centre set up the gnomon of twelve digits of the measure 
fixcnl upon ; and wtmre the eitremity ol its ahadow touches the ctrcle in the 
former and after parts of the day, (3) there Siing two pointa upon the cucle, 
and catling them the forenoou and nftemoon points, draw midway between 
them by means of a fish figure, a north and south line, (4) Midway between 
the north and south directiona draw, by a fleh fifuia, an east and west line : 
and in like manner also by the fish figures between the four cardinal directians, 
draw the iutermediate diiecitiona. (d] Draw a circumacribing square by means 


' Lais Chhotto lAl's JyotitM V^nga^ p. 1^ 

r T Abont S6 aroifia Itoy. Fleet quotes siKUber rule whJeli give* tbe neight o* a siunrjia (= UJ 
sad A otfffwW long diuiFB out rettnd or mnuue, Uhiakani nlfljply says III, SJ it " slwuld have 
,, hole bored in its bottolh. '* 

* Tie * fish figuM ’ ■ Uw oouiiiitio part «t twu lotenoeiatg oittfei. 





ASTKONOMTCAL OBSERVATORIES OF iAI SITfCH. 


79 


o! the Jincs gouig out from the centre: bj* the digits of its base linea projected 

upon that ia any given shadow teekoned. (G) The east slid west line is called 

the prime vertical (foma-mfiA^ola}; it ta iikewiBe denominated the east and 
west hour eiiclc {ttnfnawdaUi) and the equinoctial circle (vuAmnn 171 

Draw likewise an cast and west Hue through, the equinwtia) shadow (I'isAHtwJ- 
^ the interval lietween any given shadow and the line of the equinoctial 
shadow ia deootolnated the measures of the amplitude^ (ugnih” 

(iii) ArmiUary Sphere. — The Sdrya Siddhanta (xni, 1-6 ) gives mstxuetions 
for the nmking of ao elaborate anmllaxy sphere :— 

(2) “Let the teacher, for the mstraction of the pupil .13) prepare the wonder 

working fabric of the terrcatrial and Bteilar sphere (MujiAo jolo). Having feth- 
ioned an earth-globe of wood, of tha desired fiiae, fii a ehid passing through 
the midst of it and protruding at either aide for Mem ; and likewise a couple of 

BUBtaintog hands and the equinoctial circle j {5) these are to be made with 

graduated divisions (onipilti) of degrees of the cireJo Further by 

moans of the several day-radii, as adapted to the scale estabh'sbed for thoso 
other cirolca, (G) and by means of the d^rcea of declination and latitude marked 
off upon tbe latter, at tbeir own respective dbUocea in declination, according 
to the declination of Ariiw, etc., three (7) bands are to be prepared and fastened: 
these answer ulmi invciiBelj for Cancer, etc. In the same manner, three for 
libra, etc., answering also inversely for Capricorn, etc.: (8) and situated in the 
BOUtheEU hemisphere are to be made and fastened to the two band-supporters. 
Those likewise of the astcrisma situated in the southern and northern hernia- 
phorea, of Afahijit, {9) of the Seven Sages [Saptarahayaa) of Agastya, of Brhama, 
etc,, are to be fiKcd, Just in tbe midst of all tbe equinoctial band is fixed. 
(10) Above tbe points of intersection of that and the sapporting bands are 
the two solstices (oyona) and the two equinoxes (vMAtnui)- From the piece 
of tbe equinox, with the exact number of degrees, as proportioned to the whole 
circle, (11) fix by oblique chorda, the spaces {kahtira) of Aries and the rest; 
and so likewise ai-iot.hflr band, running obliquely from solstice to wistice, (12) 
and called tbe circle of declination (Jbran^t) : upon that the aun constantlv levolvea 
giving light: the moon and the other planets also by thdr own nodes, which 
are situated in the ecHptie (opo mait^ala) (13) being drawn away from it, aro 
beheld at the limit of their removal in latitude (fitsAepo) from the camespandiug 
point of declination. The orient ecliptic point (iupno) la that of the orient 
horixun; the accident point (iMalarngnchhai) is tumilarly determined, (14) The 
meridian ecliptic point (uMiiiAjfomo) is as calculated by the equivalents in right 
ascension (ieiwJttNloyus), for mid heaven {hajiutdhya) above. The sine which ia 
between the meridian and the horison (Mibyo) is styled the day measure (onfyd), 
(15) and the sine of the sun's ascensional distance (rfmorfedh) is to be recogniaed 
as tbe interval between the equator and the horixon. Having turned upward 
one’s own place, the eiicle of the horiron is midway of tbe sphere. (IG) As 
covered with a casing (I'oifra) and ss left uncovered, it U the sphere suiruunded 
by Lokaloka. By the application of water ia made ascertainment of the revnlu 
tion of time. (17) One may construct a spbore instniment combmed with 
quicksilver; this ia a mysteiy, if plainly described it would be generally intel- 


1 PiatoDw of tiH nm at rtmig er nttlug from east or wwt pouil of the hofiewL 
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ligible to tht world. (18) Therefore let tbe supreme ftphefo be eonstruetad accord¬ 
ing to tbc iniitruction of the preceptor. In eacb succeseive age, tbia cotiaEme- 
tion, liaving biicotiifl lost, (Ifl) ia by tbe sun’s faTout again revealed to some 
one or other nt hia pleasure.” 

(it) Other Ipstmmeiits— " So nlao.” tbe test contumea. “ one eh on Id const met initninienta 
(yaMiruji) for tbe ancertairunent of time. (20) When quite atone one should apply 
quicksilver to the woBder caa^ing instrument.^ By the gnomon (faHi-pf), staff 
[jfatKlH arc tfAirntw), circle (fArtiro), iiiBtrttmeiitft for taking tbe shadow of vacioua 

kinds ...(21), By water rntrumouts, tbe hembpLere (kipJki), otc., by tbe 

peacock, man, monkey, and by atringrd sand rwcptacIeB, one may detamine time 
accurately (22). Quicksilver -holes, water, and cords, ropea and oil ard water, 

mercury, and sand are used inth^ae: these appUcationa too are dlffiault .... 

(24). 8o also a dial (narir^ntro) la good tndiytime and when the sun is clear. ” 
Such ifl the orthodox Hindu text relating to iiifitruments. Nothing of material 
value appears to have heen added to these instructions until the methods of the yaraww 
were uitroduced by Mnhetidra Siiri and others; hut Bhushara (Si^dhanta SiTO* 
viani XI. 16) claims to have invented an instrument cuUcd Fhal&lia Yantra' 
which he says ia an excellent instrument, cnloulated to remove always the 
darkness of ignorance and id the delight of clever aetronomers.” This instru¬ 
ment is aimply a board divided hy horizontals into 90 equal parts. At the 
centre of the 30th gnidnation from the top a pin or style is placed perpendicular 
to the board and round it a circle is drawn of radius=30 diviBions, which is 
graduated in ghatis and degrees, and Attached to the pin is an index arm 
(pattiks). Tbe instrunient is suspeQEled by a chain and ia used for observational 
purposes. It is in fact part of a very simple astrolabe. Bhaskata did not 
seem very pleased with his instrument for he concludes' (XI, 40) by saying 
” But what does a man of genius want with mstmineiits ubmit wdneh numerous 
works have treated ? I^et him only take a staff in his hand, and look at any 
object along it, casting his eye from its end to the top. There is nothing of 
which he will not then tell its altitude, dimenaious, etc.*’ This sums up very 
well indeed the attitude of Hindu uetronomerB. 

Muslim Astboxomv. 

74. The Mnalim astronomera frankly acknowledged their indebtedness to 
Greek writers. Indeed they were to some extent the direct siicce.‘‘Bors of tbe 
Greeks in intcilectual matters and the historical pr(»blems of their astronomy 
are much less complicated than is the case with the Hindus. In the middle 
ages they were the foremost astronomers of the world. Tliey accepted the 
fundamental fcaturc.s of the Ptolemaic system of tbe universe. They were aware 
uf the precesaion of the equhiuxcs and discovered the slight movement of the 
apogee- of the sun and also they iwrcevvud the variatiuu in the obliquity of 
the ecliptic. Tliey discussed the possibility of the earth revolving on its owii 
axis but generally rejected the theory. 

~ S« Vhv HiiidiiAnta ^imjiviBi xi ffll-Sl. The liiBtnmtifnt xppnwn tu b« b |irr|irtaBl rutHdh niachiiiB 
ol * wh(wl ivitli tiiblhtw (Tlauernlnid) npota whkb w BUkI nith mennny. "TTiif vhceH 
li n, fiUwl vUl, vhiJti jiltfi-ed dh Mipjwrted hy two |ja«tii, ittoIto oI iteoU," Thi» » *« oU Iriaad. 

» Qipipwe th* ■ Kburariv uu F£xAi»* doKribwl by [>ol»nihnt AfOoMoaiK du. Uoj/im Agt. 5lL 
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Tliey fully realised the necessity for methodical observation 4iiJ in prac¬ 
tical astronomy they eicceHed the Hindus and Eurttpeane of their time.* The 
first aeiies of regular observations with the aid of fairly accurate instniments 
appears to have been made at Gondeshapfli in the south-west of Persia in the 
first years of the ninth century of our era. During the Califiate of nl-Ala'mmi 
(A.D. 813—833) at the observatory at Baghdad aU the fundamental elements 
of the Ahmigcst were verified—the obliquity of the ecliptic, the precession of 
the equinoxes, the length of the solar year, etc, A measurement of an arc 
of the meridian in the region of Palmyra was also carried out during the same 
period, and similar observations continued to lie made throughont the Muslim 
world until the middle of the fifteenth century. The observatory at Cairo was 
founded in the tenth century, and the observations there were recorded in the 
' Hakimid Tables ' (al-zij al-H^kiml). tn Persia an observatory was founded in 
A.D. 1074 at Naisabur and there in A.D. 1118 al-KhTizml complied his * Sanjario 
Tables ’ {al-ztj ai-HetijaTz). In a great observatory waa founded at Dlaragha 
in North-West Persia and there Naslr al-Dlu-Tual (mentioned by Jui Singh) 
pubbahed his famoua ‘ Ilkhaiilc Tables.’ 

With Ulugh Beg, the grandson of Tamerlane, the study of scientific astro¬ 
nomy throughout the Islamic world ceased, lie founded a large observatory at 
Samarqand to which he summoned such renowned astronomers as Jamshid 
al'Kashi (mentioned by Jai Singh), EndJ Zude, al-Rumi, ^Ali al-Eiisjt, and 
others. Ho undertook a complete revisioii of the catalogue of the stars—based 
upon direct observation — ^and himself wrote a preface to the tables a few months 
before he perished by an assasain’'s hand. Jai Singh professedly followed Ulugh 
Beg in his astronomical work. 

The names of many Muslim astronomers of the middle ages such as Ibn 
Sma or Avicenna, al-Biruni, Omar Kahijaml and Averrofis are familiar to everybody. 

76, The practical view taken by the Muslim a.stronomers led to attempts 
to improve the instruments in use and to the design of others. 

The Maragha Instnunenta. 

A brief description of the mstriimenis used by Nssr al-Din al-TusI at the 
observatory at Marligha ia available.’ The theory of these instruments was 
probably known to Jai Singh (see p, 4,), 

The Maragha instruments were — ' 

(1) A quadrant or mural circle constructed of wood, the radius of which 
was about 11 feet. Tlie arc was of copper, 3 inches wide, and 
was graduated. At the centre was n copper pin round which the 
alhidade (furnished with two sights) turned. The alhidade termi¬ 
nated in a point and was moved hy a cord passing over a pulley 
attached to the wall. 

^ Tt is related that tbo ipDrlfd of tud BraLmayupLa irvfQ MtJMKlut«d Into Bagiidad m 

Lh« tiinth (MinHiry at onr ofiij and Uiiit tliese worki pu^lijy had mfioenoo in dJirwitLiig thn gc'itin- 

tlGd itndy g£ utromiiiny by tbn Ambi ; but tbe ^ ipdrit ^ cf tho Azah utmnomy ii fmtiTvij firini 

Lii&t p| tbff llijidn- 

I I'gr «n of niilkr In^trimaenta see cr^IrDniMTiuidia Kd. A- 
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(2) 4ji arjniUary spliere of &ve oirclea, vk., th« ecliptic, colore, great 
circle of latitude, the meridian and the aimll circle of Ifttitnde. 
The ecliptic, meridian and small circle of latitude were graduated 
down to minutes and the last mentioned was furnished with an 
alliida<le or aighter. A sighting tube appears to have been used 
on the alhidude ^aee figure 68), 

f3) A meridian circle of about 11 feet in diameter furnished with an 
alhidade. 

(4) iVn etiuatorial circle fixed in the meridian* * 

(5) An instninnitit for measuring the diameter of the sun or moon. This 

consisted of two sights fixed on a bar. The objective was pierced 
with a comparatively large hole and was moveable along the bar 
over appropriate graduations. Special discs (like ctmera steps) weie 
used with the objective, 

(fi) The instrument of two pillars. At the centre of a I nr Evjjcrtcd 
hv two pillars a pin was fixed, roiuid which revolved an alhitkde 
or aigUter 12 feet long. Tcrtically heneath this pin was Bcc.a-cr 
to which was fastened a graduated bar 171 feet lung and along this 
bar the end td the aighter was tree to run. This appears to have 
been a wmlification Ptolemy’s parallactic rulers, 

{:) A large azimuth circle fixed on a pillar traversed by two diametecs 
directed to the four points of the compass. At the centre were fixed 
two vertical quadrants furnished with alhidades ao that the alti¬ 
tudes and imimuths of two stare could be taken simultaneoitely.* 

(8) Sine and Azimuth instrumeut—An azinuith circle similar to the pre- 
ccMliiig but in place of the vertical quaJmiits were two bars moving 
in a groove and supported by two other bars perpendicukr to 

them. 

(U) Similar to Ko. il but with the bars horizontal for measuring azimuths. 

The notion of increaaing the size of the instnunent aa far as possible has 
already lieen referred to (page 35). U is perhaps to Abud Wefa that we owe 

Home of the immense instruments which the Arab works mention. With a 

quadrant of over 20 feet radius the obliquity of the ecliptic was observed in 
A.D.095. The sextant of Abu M. al-Kbojendi (C. AJ>. &02) was of nearly sixty 
feet radius. In the tenth century the aperture dial was used and Nasir-al Dbi^ 
hv utiliaing a hole in the dome of a large building, ohtnined exMllent results. 
According to Greaves the quadnii t imed by Ulugh Beg was 180 feet high.* 

The nstrulabe,* the theory of which was due to Ptolemy, was improved 
by the Muslims almost to perfection aud many of these iuBtruments w'orc so 

* Tito griwltift tisd l«f. ofwctBtt* ine«niT» ibe tbottli of tlitt mwi, ttiirt " » U w» m^iih ™i« to 

»rtmWii.«>thittiitnim:*tf»tfrwit*fni™ocpntiiiuiiitol»e th» fsvtiurito n«truBwiit tfowa to Uw end of the 

uomiify,” (DBiTO, p. aSa.} Tbit i* ibr. kI SfW tnentiontd by Jm 8]ush p*g i 12}. 

» T artil S tkTv intwrtwtinf in m ts bfirhig thv wma in jiiini'xp]? fct tbo 1 n ji/wj {mho ^ 

* Tlin w^tru Id on ppprtiifv 4lial of llila kiniL 

» 8m L. F* H, a. SMUbt, FnJI. tfOuk/vg ptk. Im. itifill. cxiii. 

* 1 ftt li the flut MtliitJibfi OT 
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beautifoUy made as to become valuable works of art as well as efficient calcu- 
Utiiig tuacbines and useful inatruments oi observation. As a portable^ instru¬ 
ment of observation it was only superseded about A.D. 1731 by Hadly’s ijuad- 
TOut; for purposes of astrological calculations the astrolabe is still in use in 
tbe East. The flat astrolabe has already been described in some detail, as also 
has al-ZaxqalVs modification of it and al-Brriinrs invention has also been refeired 
to (p. 37). There is also the linear astrolabe or ' a^a ’1 Tusi (the rod of 
al-TQbi),^ called ijashti by the Hindus. Great bgeimity was exercised in deviaing 
improvement and variations of the astrolabe and there are niimCTOua Arabic and 
Peramn works describing tlie theory and construction of the instrument. The 
term al-.\sturlabi as a name siiilis was not at all uncommon.* 


European Astronomy. 

7fi, In Europe, after the death of Ptolemy in the second century of our 
era, very little advance was made for a thousand years. The Christian church 
often opposed eciGntific enlightenment and sometimes persecuted those who sought 
it; and the patristic writings contain the grossest of astronomical absurdities. 

But about the thirteenth century sounder opinions began to prevail and 
in the early part of the sixteenth century Copernicus uTote his De Rcvolutionibwi 
Orbium Cafleathim. Tycho Brahe, Kepler and Galilei preceded Jai Singh by about 
a century. Greenwich observatory was founded some forty years before that at 
Delhi. Newton’s Principia was written at the time of Jai Singh a birth ; Huygens 
died a few years later; Elamsteed's catalogue of stars was first printed m iaS8; 
Halley in 1705 predicted the return of the comet named after him; the aber¬ 
ration of light was discovered in 1727. Jai Singh succeeded to the Amber 
territory in 1509 and the Delhi observatory was built about 1724. 

77, The EuTopeun instrumonts at the beginning of the seventeenth century 
were in principle much the same aa those used by the Greeks and Arabs. Tycho 
Brahe* (1545-1501) had several sextants and quadrants, a parallacticum (-see 
p S2), and armillaiy circles ; Heveliiis (1511-1587) had a somewhat .smaller battery 
of au^ilar instruments ; and Flamsteed (1545-1720) used a quadrant of 3 feet, 
and a sextant of 0 feet radiu-s. 

The telescope was used for the general ob.'ieni'atioD of heavenly bodies in 
1509 by Galilei and telescopic sights were first systematically used about A.D. 
1057. Gascoigne w’us probably the first (circa A.D. 1040) to introduce these 
and he also invented a mierometer. Some twenty years later Huygens devised, 
independently, the same contrivance. TleveL’m introduced the vernier and tangent 
screw; Flamsteed used cross wires in the eye pieces of his sighters; Galilei 
had used a pendulum for short time measurements ; Huygens devised a pendu¬ 
lum clock (1650) and Jean Picard (1520-1682) introduced regular time olioer- 

^ Sec Joitnasl Sdr 4^/* 'stc- j * 

■ Jf.f., *AJl ii. "Isi ftl-ApiwUbl {Ml centuiy)* "Ftkih k Hnjlyn ^'-A^rliibi (taril U4I—ILl, 

b. il-Ailiu-Iribi (ilifid A.D. 

* DRETBa*5 lOi. ^15 ^ 
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vations at tlie new observatory at Paiis.^ J, B. Caasim (1025-1712), it instated, 
devised schemea (never realised) for the constraction of gigantic instramente." 

78. The nin<lu9, Arabs and Europeans all derived the fundamentals of 
their astronomical science from the Greeks. It was the Hindus who first pro¬ 
fited by Greek experieuce,> then the Arabs and lastly the Europeans. The 
last indeed obtained their knowledge of Greek astronomy primarily through the Arabs. 

The following chronological .scheme exhibits fairly well the relationship 
between the three schools :— 


dBErE 
AitTfiiMimJ t 



^ An jijiluiigli bJI too lir^f^ nc^ioit of Etirapflan inrtrmoiiiitA is girai lu tha vf 

lij Q* Fotlwai, wliiT<i Ikrfjtf'i Tjfcho Brah* li tb* ocJj uifiquntii itfiwfit d* ^rotiytii ^ 

in tbft Efigliih Un^g«. 

* A. Ber^—^ JShvrt Ei^iorf (j/ p, 1®0* 
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WLen we examine carefuUj the methods of the several schools we find 
somewhat marked differences. Even among the Greek astronomers Ptolemy 
himself) there was a distinct tendency to work on the observations recorded 
by their predecessors^ and in the later Greek schools there n-as a consequent 
neglect of observational astronomy. With the Hindus this tendency was em¬ 
phasised to a remarkable extent and practical work was neglected almost com¬ 
pletely. The inatniments they describe are either for purposes of what may 
be termed theoretical calculations or for purposes of demcnstTaticn (see page 
78), They built no observatories and they made no systematic records of 
observations. 

The Arabs and other Muslim astionomera took an entirely different line. 
They recognised the value of practical observation; but they hardly suspected 
the need for a re-exainination of the Greek theoiiGS, They built observatoriea 
and devised improvements in the instruments and set about verifyiug and cor¬ 
recting Ptolemy’s elements. 

The European astronomers were perhaps not quite so bound by timTition 
as were the Hindus and the Arabs. The death of the Ptolematic theory and 
the invention of the telescope gave a great impetus to research and the Euro¬ 
pean astronomers lai^ly discarded the methods of their predecessors. They 
recognised the inevitability of observational error and devised means to counter¬ 
act it; they were forced to consider as of great importance facility of obser¬ 
vation and gradually they devised instruments of types unimaginable to their 
Arabic teachers. 



Cmapteb XIII.^THE EVOLUTION OF JAI SINGH’S INSTEUIiIENTS. 


79, The liistoiT of the evolution of Jai Singh’s astronoimcal inatmmenta 
would, if it could be recorded step by step, be of great iuteiest; but detailed 
descriptions of the larger Arabic iiiBtraments are not geuernUy available and 
wc must for the present be content with general indications of the tines of 

P development. Generally apeaking ^^Jai Single’s instnunents are copies ofy'or direct 

^ developments froni;^ those used bij Ulugh Beg and his predecessors and suc¬ 

cessors, The flat astrolabe playetl an important part, Jai Singh’s first attempt 
at improvement was apparently the construction of huge astrolabes such as 
those ahouru in figures 28 and 29 and the construction of large graduated circles. 
He had some execUent Arabic and Persian models (figures 5 — ^20) but the metal 
instruments ho had constructed do not appear to bo of that fine workmanship 
that adds so much to the value of many of the mediBCval astrolabes. As far as 
can be gathered Jai Singh did not use the ordinary sextant and quadrant instruments 
such as were used by Na^ al-Din TM, Tycho Brahe, Flamsteed and others. 

It has been tele ted how he discarded brass instruments and pinned his 
faith on large inunovcahle masonry instniments; and some of these he claims 
to have devised himself. As already baa been pointed out (pages 12, 13) the 
basic idea was not peculiar to Jai Singh, The Arab, Persian «md Tartar astro¬ 
nomers had constructed huge imstrumentB ; and they had formulated the notion 
that the only bar to accuracy of observation was the limit imposed by cii^ 
cumstances on the sisEe of the iostrumenta. Jai Singh was prepared to carry 
out the idea ou which this proposition is based to, what he thought, a 
reasonable extent. 

80. The bases of the designs of the particular instruments are always obvi¬ 
ous but Jai Singh showed very considerable ingenuity in the actual oonstruc- 
tions. The Jai PrakAs is practically the hemisphere of Berosus somew'hat ela¬ 
borated and the SamrSt Yantra may also be considered as evolved from that 
instrument. This only means, however, that the dial of Berosus was of a 
very general nature. It consisted of a hemispherical bowl placed with its rim 
horizontal and in the centre and the same plane as the horizontal edge w’as 
fixed a bead whose shadow on the concave surface of the hemisphere marked 
the trace of the sun’s diurnal path. The resemblance to the Jai Prakas is 
striking enough but it is doubtful whether Jai Singh had any ktiowleiigo of 
the curlier instTumont: he could only have leamt of it from the AlusUin ua- 
tronomers al-BattAn! who refers to the principle of the instrument). The 
Jai Prakoi, however, is something more than the bowl of Berosus for it ia 
fully graduated and appears to have leen based upon the Muslim instrument 
known as al-MumlfiTah^ dcflcriptioiLS of which are found in the works of the 
Muslim asbronomm. *■ 

* KmI. a. SAiHlotW MtmaiTe ipif b# i»itr%menlt dtt Anb*i, jl islf.; tilio m de^TTipdan bj 

BlagnkiTfrf Art ttf ItyaHiBg, leu^ One EwtlO'Jt dE BlngnTo'i tMiok !■—^^Huw to inmko 4 
(t^ all on 4 cottoATo betnispheare ol a globe two (o^efaU irAlei,’' ud tlw Ecca&d way ia vS die Jai 
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The SamrSt Y nn tm might he conBidered aa a flection in the plane of the 
ei^uatoT of the hemisphere of Berosua and with the bead extended into a line 
[laroHel to the axis; but so could anj dial he lofeired to the same origin. 
In the British Museum are many dials of the seventeenth and early 
eighteenth centuiies oonstmcted exactly on (he same pTinciple as the Samrat.* 
The Samraf instrument b an equal hour instrument or equinoctial as euch 
instruments are often called.. The evolutiun of the equal hour instrument is of 
considerable interest. In early instnimentfl the time from sunrise to sunset is 
divided into 12 equal portions. These portions of time vary in length from 
one*twclfth of the longest day to one-twelfth of the shortest day. They were 
therefore called unequal hours, also temporal hours and planetary hours (see 
page 22). Of these varying hours naturally the equinoctial houia were the 
mean and on the introduction of mechanical clucks the equinoctial hour became 
the standard for sun-time measurements. According to Delambre. Abdul Hhasan 
(al-Ilasan b. *Ali b. 'Omar al-Marrakdahi, Abu 'AJi) was the first to introduce the con- 
Mtant hour notion among the Muslims J but he seems to have empkiyed, in 
the usual maTiner, the horizontal plane for the shadow traces, while Jai Singh^a 
nstrument receives the shadtw of the inclined gnomon on a circular arc lying 
n the plane of the equator and thereby secures in the simplest manner equal 
hours throughout the year. The direct origin of the tangential scales on the 
gnomon for meamiring the declination of the sun is not known; although Ibn 
Yiinus and other Muslim writers of astronomy had worked out the theory, 
Hindu aatronomers did not employ tangent scatea and refer to no other dial 
than the vertical gnomon and to no other dial measurements thou the length 
of the shadow. They made no direct angular measurements and an angular 
dial would have been almost contraiy to the spirit of their teaching* The 
only other mstmments that can he attributed to Jai Singh’s genius are the 
Digamsa Yantra and Earn Yantra hut these are simply enlargements in masonry- 
work of the azimuth and combined azimuth and altitude instruments of the 
Muslims. 

An indicator of the course of evolution of Jai Singh’s instmments is still 
to be seen at Benares on the instrument known as the Chakra Yantra. The 
wedge (/or(w or * horse which fastens the parts of this instrument together 
is of the traditionfil Arabic design. 


^ C.F., Iipoo Cil dial mfide AlkiD At>QUt A.IL tn 20 ; e mare elAlnifiilD dial Invented by Joba Paul 

Kmue ind enpaval by T. G. OutweUi; ou# by RuehieIjvs qI Au^hurK, J7tb cenOity; uho by LauiDna Gnksel 
uf Aug*ibi.r>$; ew., etiK 

* IndtHMil frW y wi]rkj(i4 m% Uu? oampkit^ of tlip horuontol* inclmedp oyliDdnea! ind 

coaled (Halils ott?. 

• Tills \A ft CTificrtiH polDt in the hiftafy of ttmenoe, Tho Tlindiw to avoid Buigulae- 

fiiaa&iminiiTniJ. Tlwir niathi.’im^Utfii works contain na tlicortiiii or rulcM rr luting to aiiglD* (see mj fndiau 

ppigv 20J, WMutey wrolo [jwi^ Lest it woin strange that tho Elindttv lOioaM hato 

duiivipd Itom abrooil tho tinmi? (tcM fiomywyia J for io familiar iHid oiomontary a qDontity *■ an angle, 
we nouM ilifwt attention to tins atriking fact tliai in ihatsLn^ of tboLr mathifniiiLiDAf iwtenco, at. 
wtik^h i» fci|rre»ntr«i by the SMiya ihvj to ik* nsu whaUvuT In thcEr oiJonktirais 

lAic angle-"* 






Cmafteu XTV.—conclusion. 


81. A considerable amount of evidence sliowing the lelationship between 
Jfti Singb’s astraiKHnical work and that of kia predeccssoia and contemporaries 
has been recorded. I^et na recapitulate. 

The names of the early astronomers and mathematicians referred to in 
works attributed to Jai Singh are ;— 



Euclid . . . 

. Circa. 

BG. 

200 


mpparchuB 


M 

130 


Ptoknnr . * * 



ISO 

1 

AMatral^flnb. *Omat sbn'hlltisam sl-8ufi , 

. J>ied. 

il 

966 


abDin al-Tusi. 

. BsTfli, 

PS 

J201 


'Alt b. MuLamtnad al-Soid a1-Sharif 


if 

1339—1414 


Jamshfd b Mes ‘ud J] jat al-Din ai-KiisliI 

. Cirea. 


1440 


Ulugh . 

. Ditd, 

II 

1449 

* 

Mnulana Cband ...... 


N 

1630 


Of those who came actually into personal contact with Jai Singh the follow 
ing have been mentioned : Jagganftth, Mohammad Sharif, Mohammad Mahdi, 
Padre Manuel Figueredo, Father Aadru Strobel and Lis companion, Father Claade 
Bondier and Don Pedro de Sylva, 

We know that Jai Singh poaseased at least aome of works of Ptolemy, 
tJlugh Beg. P. de la Hire. J. Flamsteed, and also certain European astrono^ 
mica] tables and matbematical text-books. He had Ptolemy’s Almagest 
translatod into Sanskrit, and a text on the astrolabe compiled, and he 
brought up to date Ulugh Beg’s celebrated catalogue of stara. The matruments 
themselves are evolved from the types used by the Muslims and Jai Singh's 
inspiration was avowedly of Muslim origin, 

82. The actual points of contact between Jai Singh’s astronomical work 
and that of his predecessors and contemporaries have been generally indicated. 
Jai Singh himself was a Hindu and had Hindu assistants, the most notable being 
Jagganfith, who, however, it seems was employed because of his knowledge of 
Arabic—a somewhat unusual qualification among the Pandits of the day.< 
He refers to one Hindu astronomer by name (see page 11) who was, however 
renowned because of his knowledge of Greek methods, Jai Singh was, no doubt! 
well acquainted with the works of the Hindu astronomers but he does not seem 
to have made much direct use of them, 

Jai Singh had certain Muhammadan assistants (see page 5), he was ac¬ 
quainted with the chief astronomical works of the Muslims, be brought one of 
their star catalogues up to date, and he copied the in struments of the observatory 

• There J* * UlD thiit Jat vu reptoidi^d wiih t3« .tiHwawt that Um PtoiHt*. who pretended 

tn RTiwt teunisa. were entfrely of Anbie MhohmhJp tai ho prodnowl wba truu- 

rated from tbo Arablo the two gnat wotke-Eoclid’i Eitmtnu «id rtcfemj'i Atma^i, 8eo KtidhShiin 
ImTcnll i Q^tnahif^cr^ni 1 
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at] SaTiiarfjanfl. Hin maaoniy iiistnimcuts were (iesi^cil after the notinna taxight 
by the MubHih astronomers (page 13) auii had absolutely nothing in common 
irith those described in Hindu works. 

The contact with European aetroncmiral knowledge may not have been 
really close but it was very delhute. Jai Singh sent certain of his assistants 
Europe to get hooks and information; he invited European priests to viait 
him, and he obtained European tables. There is ervidence, however, that his 
contact Tvith European kjiowledge was more formal than intimate. 

83. We may leave out for the moment the que.'iticn of European influence, 
as Jai Singh wbb really only on the border line of that influence, and oouaidei 
the Hindu and Arabic strhools. The characteristic difference lietween these in 
connected with practical work. The Hindus were practical astronomers only 
in so far as they could calculate from a given starting point with given niles 
the positiouH of the planets, eclipses, etc., with some accuracy. This of counse 
implies a very considerable amount of hncwlcdge and skill; hut the Hindus 
had no instTuments of precl.sion of their owu before Jai Singh’s time ; neither 
were they interested in making practical obscrvatiims of the heavenly hodics. 
Their rules and the elements given in their approved works sufficed them. 
Tlie standpoint of the Arabs was entirely diflereiit; ‘ they were particularly 
inteTe.^ted in the verifioatiou and correction of previously recorded results. They 
built what were then the finest observatories in the ’world and they perfected 
the astrolabe to an extraordinary degree. 

The difference between the two schools is too ’well known to need elabo¬ 
ration; and the category into which Jai Singh's work places itself ia perfectly 
clearly indicated; and the hj-pothesi-s that he leceiveil his main Hstroiiomical 
inspiration from Hindu tradition is completely eliminated. He followed “ the 
martyr prince, Mirra Ulugh Beg ” of Samarqand. Since both the Hindus and 
Arabs obtained their astronomy from the Greeks they have much in common 
but the work of Jai Singh was exactly of that nature which dilTereiitiates 
between the t’wo schools ; and what the Muslim oHtroiiomcrs had/and whet 
Hindus lacked,Attracted Jai Smgh. In his work there is no point of contact 
with Hiudu a.'itTonomy that did not also touch the work of the MusUms while 
on the other hand there are many points of contact between hie work and Muslim 
ftatrouomy that are remote from the teaching of tlie Hindu ecboola. 

Jai Singh’s apparent indifference to European achievements is rather re¬ 
markable ; but it must be borne in mind tliat he very probably only became 
acquainted with their results after he had conceived and partiaUy carried out 
Lis scheme of astroiiomicol research. His tables, it is supposed* were completed 
about A.D. 172S, and the observatory at Delhi Lad been built a few years 
previously. It was in 172S or 17£9 that Jai Singh sent I'adte Mnuuel and 
others to Euroxic and in J.734 he w'os visited by Father Boudier and bis com¬ 
panion. These date-s inight Le considered sufficient to uccount for Jai Singh's 
neglect of the European discoveries but there is possibly another explanation, 

* bdtTi'wu the two wshoola mo-j tw ta hcpid* dno tq tho caJdOLWh odopuid 

for ruligioua pHr[H>sM* 
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Galilei died ft prisoner of tlie Inquisition in I0i3, and bis books were not 
removed from the Index until A.D, 1&35 : Jai Singh’s Buropean nd^Tsers appear 
to have been chiefly priests, who, if they were good Catholics’ would, at that time, 
have hardly upheld the teaching of Copernicus, Kepler and Galilei! Mom 
recent European dbeoverios might thus have been discredited in Jai Singh’s 
eyes, and he would, at any rate, have found it difficult to reconcile the persecution 
by authority on the one aide with the claim to brilliant scientific discoveries on 
the other. 

84, .Ifti Singh began his work at a time when European astronomers hnd 
arrived at w'hat may Iw termed the modem conception of the universe. The 
discovoiies of Copernicus, Kepler, Galilei and Newton had been accepted and 
scientists were settling down to work out in detail the results of their dis* 
coverics. Flamsteed’s great catalogue 'was completed just as Jai Singh began 
his work. But Jai Singh w'as not in close contact with European ideas and 

his fkst astronomical education was probably the study of the work of the 
Muslim astronomers, particularly Ulugb Beg. In the special circumstances of 
his experience it is not surprising that Jai Singh refu.sed to follow the lines 

o{ research bidicatcd by the European astronomers. Had he done so, his power 

and his wealth might have enabled him to alter the whole condition of Indian 
scieutilic scholarship and, instead of his labours ending with his death w'hen 
science expired on bis funeral pyre,” there might have been established a 

living school of research. Tlie troubled condition of the country, and the general 
state of civilization m it, rvcrc antagonistic to the progress of science and Jai 
Singh’s work is now only a tradition and his observatories are archmologicai 
remains. 

That ,fai Singh made no new astronomical discoveries is hardly a fait criterion 
of the value of his work; for, indeed, a great deal of the most valuable aa- 
tronomical work is not concerned 'with new discoveries. His avowed object 

was the rectification of the calendar, the prediction of echpses and bo on _ 

work vrhich entails a great deal of labour and generally ehowa no remarkable 
achievement. Considering the state of the country in which Jai Singh lived^ the 
political anarchy of hia time, the ignorance of his contemporaries and the diffiedtien 
in the way of triinsmission of kno'wledge, his scheme of astronomical wort was 
a notable one and bis observatories still form noble monuments of a remarkable 
personal ity. 

* Coiidoxnti -ti«i oI it* njircet tt ihing to tlw Rnta^n CLihqlb Cliufcb Sto SK Mfi tfi nT*ti 

A <•/ Pamdtifzt*, h nmuc-rdJit wofkfi oppDSin^ tbe - * inj ([D<»twL 
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ASTSONOMICA.!. OBSERVATOHIEB OF JAI SINGH. 


A 1. EXTRACTS FROM THE JAIFUR CATAI430trE — concluded. 
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The above extracts ahow the form of the Jaipur catalogue but omit two columuB 

headed respectively Pafsi A am and fftntiti Ndm, as these two coliuiuis are mostly 
blank [see agniea I and 4], The essential parts of the catalogue, which are given Below 
(Appendix Ai*l), are the lor^tudea^ latitudes and magnitudea, the other columnj 
consiatLug only of derived elements. The verbal descriptions of the stars ikre simply 
translations from Ulugh B^’s Catalogue and the names of the conatellarions and stars, 
when pven, are mostly transliterationa or translations of western names, e.ff. Sarpa 
(Draco), Kaiha-ua (Cepheus), Sikyak (Lyra, Ar. ShiB’ak), Varava (Penseus), 
Dalphaina (Delphinus), Trikopa (Trkngalam), Javvara (Orion, Ar. JauzS),. Kaitus 
(Cetus), hlauka (Kavis), Muchchhi Yanuvi (Piaeia Australia), Asva mnkha (Fam 
al-Faras), Makara Puchchha (Danab al-Jadi), IkMa (Ooroim Botealk, Ar. al-ikM), Jat 
ul-Kuraal {Casaiopeia, Ar. Zat al-Kursi), Arnava (Lepus), etc., etc. For the unckssed 
stars {informaii:e) the expression KMnju (Ar, Kharij) mnUi (Ar. Sarat) m med. 
The term puclichha (‘ a cluster ') ia employed to denote a nebula. 

In the following table (A ri) an asterisk * indicates that there is a discrepancy 
between Jai Singh's values and those in Baily's version of Ulugh. Beg's Catalogue 
(Memoirs of the Rotf<U Astronmnical Soddt/, 1843^. In the case of the longitudes any 
tiifferencenoteflisbetween Jai Singh’s fig^ea andBaily’a with 4° 8' added, this being 
the amount of precession that had accumulated between the periods of the two catalogues 
(see page 8). 

A table (A 1-2) of differences ia added. These are mostly small and do not amount 
to two per ceut. of the whole, and many are obTfously copying mistakes.' There are 
indicatiomi that the SIS. vras copied from another Devunagari M3., which, in its turn, 
was copied from one in Perskn script. There are numarous examples of what appear 
to he the result of confusion between the abjad symbols (ace page 133) for 3 and 8,4 and 
7, tens and thirties, tens and fifties, which coufoaion is caused by the omission of the dots 
in the MSB. There are also apparent examples of confusion between the Devandgan 
symbols for one and two. Numbers 360 and 361 appear to have been interchanged I 
in 083 Jai Singh’s latitude ia right, tec Baily’s value is an emendation. Number 1008 in 
Baily is omitted (see Baily’a note) and the numbers 1000-1018 in Baily correspond to 
Jai Singh's numbers lOOB-lOlS. 

^ TJn MS. U a gmd ana r dua «it i* juid wm anid^atly done wi.th It in wnttim on cotnOy 

8-3 H 12 in f'hi^AC^viCA. The ropy wika luAdq m SAm7.kt ISMJ4- 
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A, 1-1. The Jaipur CATALootTB—LosGtruBES^ LATrrtmES anb MAamruuES. 
(This is Ulugh Bfig’s Catnlogue with 4“ 8' added to the longitudes.) 
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1 ■ j AI jjjft it^ aij ijIiSEIlV ATOBIES Ot aijnilii* 


B—ASTROLOGY. 

The irnttniments, Iwth bram and ma^antyr were sometimeB need fof aatrologwol purposes and in 
HHDe were gmdi^t^d specifically for ssiich purposes. Tte foUoafiujg not-es and tie accompanj- 
mg tables are concerned only with sueh aatiological matters’ as are exhibited by the instianienta, 
and relate to : — 

(1) Tbe BBcendant or rising aign. 

(3) Uonsca (2 >oiaus Corb'), 

(5) Trigon or Triplicitic* and tbeir Regents. 

(4) TemiB or Umits. 

(5) Decana and Faces. 

(d) Plonet&ry Domiciles. 

(7) Septenaries, Nonenarics, Duudenaries. 

The Ascendant or ‘ horoscope ’ is the point of the rcliptic rising to the hoiiMn at the given 
moment. Its determination is the first ami most important astrological problem. By means of 
the Jai PnikaS (page 37) or the Kapnla tbe ascendant noaJd be detemiined by inspection. On the 
Jai PntknA the shadow of the interaeotion of the cross wires shows not only the position of the sun bat 
also the sign that is on the ineridian. from which tbe rising sign cajuld be dedneed l whiJe the Kapala 
shows the rising aign iteelf. 

On the astrolabe the position of the sun on the eebptio (its lungitnde) and its poaLiion lor the day 
(its altitadc) being known, tbe only operation reijuirod is to turn the 'ankubnt (omrwu), so that th* part 
of tbe ecliptic in which tbe sun is, lies on the proper altitude ciitik (abnucantarst), and then the tising 
Eign or the point of the ecliptic on the hotintm can ho at once read off. 

On the * Jaipur B ' astrukbe is given a table of the times of rising of the signs (see p. S3) from 
which tbn ascendant, etc., could be cahmUted. if the position of the son were known, for any of the 
given hititndes. 

The ecliptic was divided into 12 equal divisions or signs of the todiac which, owing to the obli¬ 
quity, took different times to rise and sat. This problem of ascensions became of great 

importance because it affected the poaition of the four ‘ centres,' (I) The ’horoaeope ' nr ‘ ascendant.' 
(2) Superior culmination. (3) The descendant. (4) Inferior calmination. These, in consequence 
of the variable time of tbe rismgs and settings of tbe signs, are not at intervals ol right angles as the 
early ' Egyptian ’ astrologera assnmrd. 

This problem of the ’anaphomi, is moat ititercsting historically. Hypskles and Hipparchus 
(second century B.C.) studied It and Ptnlemy gave the comset Rolntiun. Paulas of Alexandria (third 
century of oar nn) eniinadverted on the erroneous methoda® employed and exhibited the ’anaphora i 
according to I’tolemy, 


I Wri aie not here rmu«ne<ii with tbe Isct that tti» fnadomeritnl lueurnpiinos in comtesiim wili) oetrelogy 
faltf. PUilemy Bswurtt^l mflufuipia amMsting trom celestisl burijefi. which tenrlra’ to tnahB the nature of tbs iHih)nd 
ofipcicil nmiJar to the ni^^rnt. Tbe Anbs conHiitored the hsavculj U'dim ntlnr as bnUcaton tiuui agviita. Xcithr^r 
Dt tlH«e Bssimptions ts ramtnli^ hy any conibinarion of obnerratkin wid rvAMNunf; iKitb wno the remit of false 
Ideas that hew bnm loag dare disestded nxcrjit tijr Hw tm-bamed. 

* A.C.. tty Msmboii See Dckmbtv, VoL 1, p. SSX 
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The fol1(Fwing ukconect tabSe^ from Petosiria ior the first and seotnd climates may he compared 




1 

SE^^tTC^L 


Ist Climatct 

2^0 Climatic. 

Lat CTimaitJif 

3*Tjd rUmati'. 


* ' h. itL s. 

“ b m. 

» * 



ATiOa * a ♦ V * 

41 40 = 1 36 to 

1 2fi 

sa 20 

40 

Pima. 

TnnrU* m 4 * * 

13 0 = 1 40 0 

24» 1 36 ' 

3S 0 

3« 

Aquuiuj. 

Gmiiai * , a * 

43 30 - 1 AT 30 

2a.- 1 ^ 

21 40 

33 

CApdearnu 

0«Kar * . a . 

31 40 >> 1 6 40 

32= 2 S 

m 20 

m 

1 Sk^tiAduA. 

IjK} a V i « * 

33 0 = a 20 0 

t 34 

36 0 

24 

[ tkor^o. 

Virgo ■as* 

33 20 ^ S 33 20 

40= 2 40 

21 40 


Llljrfta 

TotAle V 

180 0 «L2 0 0 

1 180=12 0 

180 0 

180 



xne lur i(iic —-- - - » t ^ - - 

550) and is thciefore of oonsidemble lustorical mtereet. Vatiba. Mihim lived at tfijam, whkh the ’ 
Hindus placed at the middle fl the second climate** The Sfirys 5iiMS«nta (iii. 42 /.) ^ves the cjonect 
rule for detemiming the times of rlaing (Pdai^itatYM) of the ugaa, but givea 24* aa the obliquity. 

astrological houflce {Dtanva adi) must not be confused vritb the planetary doml* 
cUcB* The avstcm of twelve hoofleB wna not altogether accepted by Ptolemy but since the date of 
Sextus EmpiiiCTifl (3rd century of the present cm) It has been in umveraal use.* In plate T and figure 
17 the twelve houses ore shown. The boundary lines pas* through the intersection (if) of the horizon 
and meridian and cut the equator at equal intervals of thirty degree- The pointa at whkh these bound- 


arv lines cut the ecliptic arc termed the cuspa {Cuspida dmaorum) and four of these are at once seen 
(fi ft, TT and A in plate V) but to find the others is a mathematical problem of some little difficulty 
and occupied the attention of ol-Battani, Regiomontanus, Jean-Antoinn BHagini (1550-1617) and 
others. According to Delambre (p. 501) the Arab* divide the south-east quadrant of the equator 
IS,E. in plate F) into spaces each ecjuivalenfe to two temporal day hours and the next quadrant 
{E.y,) into corresponding spaces of night hours.* Campanus and Gaadua divide the prime vertical 
(EZW) instead of the equator into equal divisions, and so on. 

Trigons or ISfiplicities.— The Greek astrologers tried almost every possible combination 
of the signs of lodiac. The signs being represented by equal spaces on the circumference of the circle, 
pairs were associated by parallel Unes (-4i»(i»w of rinnicus. etc.), by diaroetow, by squares, by hex- 
agons, and by trian^es, inscribed in the circle. 

The triangular aspect w»9 comidered the most beneficial and Ptolemy gives as the reason for 
thin that the trigon unites signs of the same sex * but Bonch^-Leckicqin^ts as the motif the part 
that the triad played in oriental rebgions. 


• From Bowfhe-Lwikrcq'* Aitrohgit Gnc^n, p. 360. 

■ The riiJp feadi: ** Thff nambwi mXp mtch^ nlnii luid itm toch bj imif m fHpKrtiTcIf 

the c4 Ihv fiat -lx agw fram M«lm (Ariw) land iho^ toconie tlie laaiiM ol tbe {a«t 

*** ^’adiu pjamtd Oijuln on the troiik el Cojikt, it., Intirmla 2S" 31' IS" ■reoiding to Ftokmy. 

• MontBim (flrtl cenlHxy B.O.) had njnployed a »L™«r nf eight Iwtuia. 

» Bnt iM fignm IT whkh doM out ropport thi* practwo. 

• VUc BW of the aigni « doWmmnwl by the PylbaganMn riew of nnmbeni. whicl. -hows the odd munton « 
ouwiculiiie and the even m feminine. The «(*«» ate allematriy smsciiline aiHl fominine etortiaK vith Aiiu which 
ie mawaline VAttfulogi* Gnofut, p IW. 
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The triffons Qr triplicitles ire sets of th(oe signs that are 120 deglues apait> The trigons in ntdet 
are — 



(ft) 

(c) 


(i) Amiut e 

Lea 

gTA-aiTTAEnr? « 

lladnilinp+ Trigwtt. 

(ti) Taitufs e 

V[Rq<i s - a 

CAFfffai»,^'F3 

F^rnmitiE--^ 

GExurc 

Lal£KA » a s 

Am'isin- 

MAflCulinp, Huniikii Tricon. 

(ir) 

Rdfwro 


Femininf* *, 


The Lords or Regents of the trigoiM are given on several astroliibes (p. 23), The origin of 
the fttmngement is obscan but aocordiiig t-o Geminns the orientation is determined by the direction 
of the -wind when the mnon occup'ea one of the signs of the tdgoiia, etc., etc. 


The ifegenta' are— 


i«) 


(*) 

(i) Saturn 

Sun ..... 

Jiipiter. 



BfarVi 

(liJ) Meromy 

Saturn , * m m 

JnpituTi 





The tables on the astrolabes correspond to these principles but add other informatirai. The 
table ci( tcigons on ‘ Jaipur A ’ is given on p, 23; the corresponding tables on * Herat C' is seen in 
figure 12. In both of these tables the trigous me classified in order as (i) Fiery, (ii) Earthy, (iii) 
A ry and (iv) Watery.* 

Terms or tumiti Fractions of each sign of 30 degrees are distributed among the 

five planets and the amount allotted to each planet determ inea the quantity of its mfluence. The 
planets are arranged in an order which varies for each eign ; but the order never forms an mtelUgiblc 
Beriea and the dctemiining causes of the scheme are not understood.’ The system followed cm sli 
the astrolabes examined ia that known to Dorothea of Sidon, Pimucus and Pniilus Aleiatnlrinus.* 
It did not satiafy Ptolemy who t: ied to introduce a rational order but Ihiled for the Egyptian ^-atern 
ii the only one generally rrcogniflcd. 

It is curious that some aatfolorgeia tried to explain the nnmbsm as the times of rising of the tea- 
pective planets but Ptolemy pobtted out that these depend upon the latitude of the observer, etc.; 
ilcniophlluB said the numbers represented the pericKls ctf wvolutiou of the planets ; some nay the nuut 
ber allotted to each planet represente the nnmbcr of years of life that it can impart to the indivicluiit 
bom under its influence, etc. 

* Aeronllng to Donrthwi «f ®tl«i Ptolemy girwi Mare for Rstvjm in i, (a). 

* Smorduig to Albemni (fl, SUOl the Hiadtu do not refer the espestee to the elements. 

1 (i, T) wenif to aim at a ayatematia anuaguuitioi twt ibo taxi is tiot at sD clear. 

* Boucbi.LMleteq/ p> 
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Tbs uf mad^ dlacord vriib the " ApoUitiaria/* writes Brmophilus^ 

** difiafrrees with Ptolemy about the distribution of the 3)j« and they both w!th Thmyllui?, Peto- 
airia, and other ancient authorities/'^ The ooniplctr table of terms ift given below {p, 124}. 

Decans and Faces-— The decans (3«ieavo«] are parts of the icodlac each equal to lO 
degrees. Each division of time bad its protecting genius or cbroaoenitor and the 3$ decans are pas- 
aibly of such or religious origin and correspond to 3G protecting divinities. Heimes Triamegistua 
speaks of the 3^ decans as * vigilant guar^uns, inspectors of the miiwrse/ 

The system of decans imposes three kinds of influence ; (1) that of the decans themselves^ '2) that 
of the stars that rise at the same time and (3) that of the * figures * or * hmes * 

The order of the decans. after Finu'cus and Paulus AlexandrTnus, etc., and on the astrolabes 
k as follows 


Sigaa. 

1 

jVaiKS 

* 

« 

w 

* 

* 

* 

■ 

m 

Hw * 

i- 

Sun 

#■ 

Venua 










SffiTniTy • 

1- 

Moon , 

# 

Saturn* 










.rupilfir « 

* 

Msrs « 

M 

Sun. 

Cks^zm m- 









V«niia 

* 

Affrffinry # 

M 

Moon* 

IiSO 

, 

- 


- 

* 


■ 

Ml 


- ' 

JUpitiff * 

- 

Mfira 

Vtaoo * 









Sun 

* 

VenTU 

- 

Hcffliiry, 

Lieua « * 











^ Saturn * 

* 

JnplU^. 

Scoano * 










# 

Sun , 


VcUUML 

SAOmABTOfl * 

* 

* 

* 

■ 


* 

- 

* 

MereuTT m 

- 

Mwu 

1 

• 

SatniiL 










Jupiter * 

- 


"¥ 

Sun^ 

AgcaETTB 










■ 

Mtreufy ^ 

* 

Mimml 

PiNcas * # 









SAtom P 


Jupiter « 

A 

Mara 


It will be noticed that the decans read vertically in the above table are in the order of the day^ 
of the week. 


Fl^Retary Houses.— The idea that the planets, a^ divinities rejoiced in paitinular podtiona 
seems to have come from the Eaat (Babylon ?). The scheme seems to have been evolved by equating 
the planets iu order with the 6ig^s starting from the beginning of the calendar year* thus:— 



Htnisua* 



1 Plftn^tu. 



^ HoniKft. 

AguABU^ » 



■* 

i 

, 1 Saturn * 



m 

CjLrEOJEaJEU^P 

PwcEa 

* i t 


* 

* 2 Jupitet 



•V 

&AI|ITTA!tltn$^ 

Asibs 

w 


* 

4 , 3 i^Lara 



■ 

B&mno. 

TaL'SOS 

M 



, 4 V«iuB 



- 

1 JHAil- 

CiniL^l t 

* 


* 

« 1 a METfeury 



* 

Vebod. 

Lro 

+ ■ 



, ! 8 Sim S' 


*■ 

* 

Cakcbpl, 


^ TIoOQb^LpcImcq# 
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On the sstrobbvB (B, snd E 


) t)i« arran^iDcnt U qa follovs 


AouABxtrs 

m 

4 


■ 

r 

# 

* 

* 

1- 

1 Sutnm a 

fi Jfcieaiy 

4 

4 Vm^ 

Pisces * 

m 

V 

* 


•m 

* 

* 

* 

■ 

2 Jiipiter 

6 Moao . 

¥ 

S Mara 

m 

• 

* 


b 

m 



m- 

m 

3 Mans a 

0' Sun . 

M 

2 Jupiler- 

Tavwve , 

a- 

m 

W 

m 

W 



e 

m 

4 Vm-os * 

5 MertlUl? 

+ 

1 Saturn. 

UiPaaci * 

» 



m 

*■ 


« 


i» 

5 Micdrciiiir 

4 Vnum . 


1 Sdiluin. 

. 

* 



4 

* 


a 

« 


i ItnOD . 

3 Mian a 

# 

2 Jupitsf. 

Le4 

* 



4 

* 



* 

* 

6 Sim 

2 JupalcT 

* 

3 Mar^ 

VmdO 

* 



* 

* 



* 


0 ll£^UI7 

1 SEtmn 

m 

4 V imnp^ 

LmaA 

* 

m 

il 

# 

a 

* 

s 

1 

¥ 

4 VftkiiA 

1 

w 

0 ilerourya 

Bcobtio . 

m 

A 

m 


* 

■I 

a 

e 

■ 

3 3W a 

2 Jupiter 

m 

0 Moon. 

SAonTAKurff 

« 

* 

4 

■» 

a 

* 

a 

M 

m 

2 Jiiptw 

3 Mats a 

« 

6' Sun. 

Cjhwcouira 

a 

¥ 

* 

w 

# 

# 

•a 

i 

■ 

] SatULED 

1 VmMA . 

* 

C Ywiua. 


The Btiha) JStaka (i, ®) BB-ye: “Mars. Veaus, Men:iLr>', tht Moon, the Snn, Mowiiry, Venna. 
Bfars, Jupiter, Saturn, Saturn, Jupiter, are anecewiviely the mleru of the twelve houses, Mes^, Vpsha, 
Blitbuna, ete-, as well as of the iNavatiifas and Dvadslamias of the houses.'* 


Septenaries, _ These oeenr only on the ZsrtjitI mstninieat and are aa follows: — 


a^rmm 


* * 

t Sfdim 4 

d Jnjvtif^ a 

n Mjui « 1 

4 fr iu r 

i Vrira , 

ft Jilrrna7 

1 M« . 

CAmmMMUL 

riicvt s 

* 


t 

t , 

4 a 

1 Vrttm a 

ft Wniilif 

7 Mpi* a 

1 , 

SjnCTfJLkfUL 

AUZP a 

* 

m a 

i Mui e 

1 RBK a 

fi TrtlM a 


7 Moon , 

1 SllUlH ^ 1 

1 a 




a * 

B Yvnm a 

i 

T Ham , 

1 SAtmii , 

i . 

T 4iiui a 

4 B un a 

T/lE4a 

ClUlEI a 


a V 

I Virttwj 

T a 

t Sitnnii a 

t Ja|)ltfT « 

t Mhi e 

4 

fr Tpeoh . 

Yrmno, 

CllTTK 

* 


T Mooa a 

1 Salnn a 

£ a 

1 Mim . 

1 ^ 

J S tv*m m 

ft VAl^Ufy 





i inn e 

1 Veiiiii . 

4 Mptuttff 

T Maem 4 

1 l^iini * 

=, iupltcf 4 

1 S M«l e 

lOBPi 


The horimatal order starting with Aquarius is the standard order* of the planets ; the veiticat 

order (of the first column) is the order of the plauetery domiciles {p. 122). 

NOYfilUtriPB. —If the plancte be arranged in the domioiliaiy order, (1) Satmn, (2) Jupiter, 
(3) Mars, (i) Venus, (6) Mercury, (6) Moon, (6') Sun, in maes for each trigon starting with Mars we 
get the following arrangement :— 



1 

1 

1 

4 

A 

1 

’ 

’ 

e 

1^ Aim, TjW, 
SintlTAliirA 

t Mm* a 

4 Fctmi a 

1 MkiiLmi 

ft Mmm a 

rfltffl - . 

ft 

4V™ , 

1 Mam « 

1 

3t Tirsm 

fto, Om- 

IXAMTH. 

L BkWft - 

1 M um a 

t Jii|ihrv . 

A Mien s 

1 Trmn .. 

1 MixnvT 

ft UiMm m 

rSiRi , 

1 

1 

I Mcfcipj. 

9, fiREm, Lmi, 

! 4 , 

9 MAI« a 

t JnqrilQr a 

1 Mwn « 

1 S4itDrri!i ^ 

t 

S Mae* » 

4 T'iqitli i 

1 MEmrf., 

^qrAMnriL 

4 . 

B ' ll«M1 1 

r Bui 

A IfnliW^ 

4 VdWJ# » 

1 Mmrt a 

i 

t JiijiAfir , 

1 flUttuni p 

1 1 AplfUrt . 

i JaptteELi 


and this is really the arrangement given on the Zarqstl instroment and tt is implied in the BrihSi 
^aia (i. 6) which says: “ The rulers of the nine Navamuas of Mceha, Mabara, Tula, KarkaU ate the 
eame who rule the nine bouses beginning wi'h Meaha." 


» Tlio oluwal (Piste, AiwteUe. Efstortbenei, alie.J older wmn. ITaos. 6m JVe«vi*y), Man,Jvp{tef, 

j^alHia, latw awl V**wi win* teidchsugad {HnmcJlhtJ) sad shoot the tiaia of Hippaiehuo tbs ordB* was 

DEidv JI 90 H. JUfrcitrg, Vtnm, Fas, Jftira, JmpiUr, Fa/sm. 
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DuodeuaiiM,— The Zarqali instmiuonli (E.l ^ves the planeto in twolTce for each sig n 
(figure 19). The atmngement ia exhibited below : the order is the dotuiciliary order both hurixuu 
tally and vertScaJly. 



1 


9 

4 

B 

0 

7 


|] 

m 

11 

IS 



SttNm - 


Mbtn * 

Td ih» * 

U j 


flnn 

M^TlNpy 

VrriHii, , ! 

a 1 

JTiphtPT , 

Batafii, 

fntim. 


JirpJlef , 

iiful 

V-nniU 1. 

Mpiclirjf 

Moon p 

Bim 

MnFt’iEry 

YfSim , 

Mttfi ^ 

JwpttlT . 

Smiittn . 

flaCnnir 

ARlE^ « 


UlMiB. , 

VfHU* - 


MOdb , 

SbII a 

airCEBTr 

Triim i 

, Mdn « 

Jkl|iir£F . 

Brtuni p 1 

SuHttm , 

Jupttor. 

HATTmiFB 


1 Trmn a 

MrtfittHy 

Mood a 

#im ^ 

Slrteory 

VniiLi i 

JIbn a 

JflpEtnr , 

@*mni a 

&H11V11 ^ \ 

JiTtllllT . 

Mwn. 

OT^UDlt « 

# 

||rTi:EifT 

|$«HI a 

tiun 

iJyWTIFT 

VitrUUl . 

Mwi .1 

JupJitET p 

Hiit.-um 

Jmtnsim a 

ilTiptruf 

lUpi a 

VltHOI. 

i:sytcEa. 


liiMn « 

msL * 

Mwvrm 

Vh?BEP , 

» 1 

JnpHrr . 

SbitTirn . 

Saturn , 

Jbit4i<ir a 

Mvi 

V^miM . 

MjticAirrjr.^ 

a p 

m 

Bon 

^stnurr 

Yrnm a 

Mut? I 

JnfitcT . 


AiNIDITIi a 

Jofli^Pf . 

3IM1 . 

VrsUfl ^ 

ilemrry 

WwfU 

Vixiao « « 

m 

Miffemr 

Vnitii * 

Mm 

JtltikkrT » 

ftfitwn a 

HkLura . 

; ^ 
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ABTfiONOMlCAL (JBSERVATOfilES OF JAl SrNCH. 


C. (i) Astrolalie Gazetteer.’ 
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C. (1) Astrolabe Gazetteer— 
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C. 12) Longitudes and Latitudes of Ujam, Delhi, Benares, Jaipur. 
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G. (2) Longitadd and Latitades— 
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Dbeervatoiy > 


30'r. 
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C. (8) Observatory Elements. 


(a) position. 


■ 

Lntitado, 

Lnn^tuilfr 

Knot uf Or^nwic^ 

rH^clinaliuli 
for IM&. 

Atafinul 

Vori&ticifi^ 

D'MfIIT * ■■ . * * * • 


77° 13" 5* 

A in. «. 

5 8 fiS 3 

iS' 

—1 

JaXTCTK b # fc * 

2^ 55" 21-r 


6 3 17'S 

1“ 4S" 


B » * » - - 

I 23^ w r 

^ a 

75M^/ 

6 3/ 

cr^ 45' 


BlITfARKf 

25^ IS" 24-ET 

a3“0'W' 

6 33 3'1 

r fi" 


3 i t- A 

31 "^' 

7*?“ //£ 





(i) Time, 


Ftaoe. 

Latudtiidg Bkit 
ol OrHBwIalk 

Dtaffinii^* 
bdwni ififlaJ 
Ud 9lAlufUif 
tlDfl. 

lUTTHiiaci niTwiKK twjtL irv txtas in’ c&q 4 (1 SruiLiUi^) tim%r 

l. 


Mu. laJ 

1 


Mij lA. ' Ji^. l2^ 
! \ 

lEi. 


fepLi. 

- Ovl. 1. 

i 

SW. 1, 

M. U 





IL S, 

IL s. 

J(L B. ' 

IL fl. 

H. 3, 

M, S- 

M. 4.' 

1 

M. fl. 

1 

M. B. 

M-B, 

X. & 

X.i. 

IL 1. 

Akui4K^ 

* m 


<r 

B 0 

+ i 11 

+14 U 

+ i H 

d 0 


B 0 

+14* 

+ 4 U 

3 0 

—10 1ft 

—14 n 

4 B 





,#j,. ' 

M “j V 

3J^: 

: 

* ■ ' 

rjff 




Jf 

^ // -/I 


^ * 

Pl0il 

■r * 

m 

n* u* fl" 

+■1 B 

t 


11 

+H # 

+ 1? 10 

+11 4 

+H ££ 

+ta 31 , 

+ tl B 

+14 At 

4-4 47 

+tl 1 

Tai^uf 

m * 

* 

TT *r tr 

-l-llf 4B 

B4 

+ 11 7 

hum 

+Ri il 

44 

+ li 13 

+3t fl 

nHjl ft 

+10 a 

+lft tt 

+ 14 ff 

+li 44 

rijHiii 

- , 

- 

k 

+ H ^ 

+« i 

+41 J4 

+ 14 1 


+il 1 

+n » 

+ SB It 

+11 11 

+W 51 

u 

+ 11 3) 

-^-n tt. 

Bjhuibp 

m * 

m 

&' 4 r 

—t » 

+1 * 

+J1 SI 

+■7 i 

—1 1 

— i Ai 

-t ft 

+ « U 

+1 BO 

-i 1 

—11 10 

i 

^10 £4 

—» 3 


iim* In tAillA bi bDiifi b«ti 9 e« at*!:uT|i!h Uhsr. 'tl]« mliwi libllantM |U ilmdikN habliid Tbpr^fm ta liri ||Ma tfou 

dial limp tlM pMi qiUTifttkft ukl iiiMxi«t tb« wlfl'H <|uitfltltt M m tlifl UUt. I'gt bUbn&MlkKMi darfM pivporUauti |piti viil iJiv rm^ Xha Ujim 

i gIvHi %a tlw Damt iHOial 4iaij lor IDI#^ Tim ibanbl vfUiblion ta 
























































321 


AST&ONOMICAL OflSEBVATOKIES OF JAI SINGH. 


C. (4) Climates and Longest days. 
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47° 38' 


0D 

If 10 

6aveatli« * » 

V*n 

10 

40° 33 ' 

4i* 03' 

48= 64r 

48" 

Sd 

IS 31 

1 

m 

50° 4' 
eto. 

1 

m « 

» m 

■ # 

* + 

■ i 


^ f)pttj AwimumtcMm EJ. Niiilma Ssid €1&— 

■ I A jL 

The odfliiliitwi mdtj mpt abukiad from tba formiii dby wbcfc tin ^ bin » 

ftjid where ^9^ niul latU^td^ 
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Technical Tenm and Tables. 
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D. TECHNICAL TEBMS AND STHIBOLS. 


D (1). Numerical Notations. 
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ea^avod nmnbejs on the nstrolabe there are BOmetimes apparent amhigiutiea to be clcnred apj owmg, 
partly, td Lhe omissioa of diacritical 
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D (2). Signs ol Uie Zodiac. 
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D (3), The Planets. 
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H (4). Lunar Mansions. 
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D (6). Len^h of the year. 
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D (7). Precession of the Equinoxes. 
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E. CHRONOLOGY. 

There hfts been confliderable difficulty in aBcettftiuing the dates of construction of the ob* 
leivatorifis, etc. Bir Robert Barker, who was ooutenipotary with Jai Singh, stated that the 
observatory at Benarea was sappoaed to have been buBt by Akbar [ Janies Pnnsep gave the 
date aa A.D. 1680—six years before the birth of Jai Smgh; another writer gives 1603 and so 
OB : of the following dates those relating to Jai Singb must coaBequentlj be used with some 


circamspectioii- 

A.D. 

Greenwicb obMmtiiiirj' foundfHl 1675 

Jol Singh bom * , » * ♦ p - * ■ ■ 1686 

Kewton'a IViwrfjjifi pwbtiHhod « « » p * « « J6S7 

Jai Singh ■ncoowiB to tlrt Ainbw Giidi « . * p + IBM 

Hallnj'a of 4s|roMeMW^ . . . « » 1703 

Death tA Aaraiigiib « « p . » « p t # 1707 

Jaj £ifigh jnT^tii Thun .««>»■• p ^ 1712 

G . D . Cauioi dki P P - « . e , . a 1713 

FoimlL^iTar + 171J 

JaJ Singh diaplanr^ Badh Singh Bnndi * «. ■ * * 1718 

Muhammad Shah ..,** + ** p 1719 

Jai Singh BjipOLiitwl fctio Empmr^a deputy at Agra and Ualwa p Hlfi 

Gfe&t oarth-qtiake at Delhi «. «#»*«» 17^ 

Flacnslced dtofl , * * * - - i . 1720 

Jai $mgh’0 expnditicm agnuuit J6ts u( Bharatpur . . . « 1722 

Dollil obaervatnry huill * « « p ^ p w « Cp 1724 

BiMotia CeeiMiii Britanmea publuhed * « p s « p 1725 

lauc Nffwton died *■-**#*** 1727 

Jaipur city btdlt . , . # * a a # * * C- 1728 

The ifi/dnibhed . « « « p . C 1728 

Aberration of tight diacoTerod by Brviley.1728 

Obaerrationfl recorded at l>cQd **..«». 1729 

Jai Singh irfigiu the prormce of SUlwa to the Ffshwft « # l7Si 

Jaipur obsorvatory built . p « * « * « + %1M 

Beaaree obacirYatocy built * « p * * « « p 1737 

KIdir autked Dolhi **4**w** 1789 

Halley diad . ^ » w - - * p . i 1742 

iTai Singh died m m * » * 1743 
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HcLha^nUa 6. 

BefrActidn 4. 
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Re'mbey (A.a lOll-l&W) 14- 
Kennell t4l. 
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Elcii 10. 

Eomaht Siddh&nia 70,, 73 . 

Kodolphine Ublea 14. 
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Sa'M Ahymad KhAa 48, 141. 
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SaptPMriHi 123, 120, 
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SfTWDll E. 70 , 143. 
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Stedcr EO. 

Btrobi-L Aildi4 7, 89- 
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WATT«ti'i A'dld Sanloli^a 143. 
Weber A. 71* 143. 

Wliimey W. D. 71. 74. 142. 
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Yiiiitra = LnatniiiiaEit. 

Yantra Raja = Artrolab* 3, 32, 33- 
%*aTAzia for AJoxamliiB 73l 
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Yoar^ feiiEtb of 34, 73, 76, J30. 
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JtEFERENCES TO THE MAP OF UJJAIN. 


i Kali 
t Hazard 

i Pmn^^ii 

S MtUa Mafidsri-kis^hi^h 
^ Rant than ^ 

Maiitiil 
F&ff o/^e 
70 J>ttwo paJe 
17 ChandniQui^i 
J2 rAocit 

JJ JfniFut Bai'i pahxi 
li LaiiAer6«tri 

-Falh* «Att> paija 
id Kolvfali 
77 Custom hoh^t 
I a Mint 

19 TrK^hlati 
27> Jfcrt-t^-cAiMA 
fl « .F** 

^2 Bhammm^ 

2i7 Batja Bai-U-chatn 

24 Kamffhai 

25 Hotpitat 

20 Udan haha-ka-^hat 
Sf Shrine af Maolana 
23 PaJatM 

29 Ka^ .4tti Mahil 

50 MaJoihti Mahadt^t/s imnpi« 

51 Karur iiagnr or Kfd m^f 

52 Sir Subah*M 

53 Paifpt 

54 Ckant**M hhajtdjha or 24 ptikw* 
50 Hakim Rahim 

37! JffrsrwW# 

J7 KamtmUh'r 

55 Pitjansli 

39 Sl^Kh^i Dlnervitor? 

40 Karnng 

41 [jnnmhari 

42 Ikjr-ki-Ckaoki 

43 Maian ghai 
it Ofio „ 

45 

4G Tdiimr gatf. 

47 ChumOF 
4S Chsfn 
4^ iMaida 

Indorr ,, 


69 Hanumdn hanli 

51 Famipur 

52 T*cliiDtjm 

55 Pinjanudm 

54 Sardfa 

55 Karamjmra 
So Nijdjjmra 
Sf DoW 

SS JJaatiitganj 

00 itltl3.llJC^».> 

6i B^gumpura 

fij? BoMfdargfiAf * 

03 Mdiijnira 
Ci Katigatpura 
OS Bhamfpura 
00 Kanthdl 
07 Mxrzawdri 
65 Ounpaf Einfi garden 

69 €hom% Lata „ 

70 £k:iAaH BdF ,. 

7J Khuf Bdgar 

75 Dah Talai 

73 Niid* ToTai 

74 Nil Ganga 

76 T^tqfmph offtte 
76 Opium fodoim 
79 ilii^JWna Eat 
m Gogarni 

S3 iTamJd/ 

34 VkMtitar -^oAd^if^Ci 
SS Saiii ioffd}i 
86 Hidkar'a gartlf.ik 

S7 Hindu haming gruuud 
8S Fir MaeMu-ti-dargah 
69 Kalla mtia 

90 Kirpanijmji-ha-Mandor 

91 Eakni Btgum-ka^M^ififfa 

92 CVi!U {Bharihan gnfa} 

94 Nag ialai 

9A Ranjit Mahahir 

4^0 NavHpaifi * 

98 Oanga gkai 

99 MnmgatrtniJi 
190 Viihnu «i^r 

* ^ B^uiiiirg piilitri 
1678 Heighi^ tdiape tm tuitl 
J9r Edaiiot heighia 

Sumg point 











i 

¥ 




tv7j 


7 ^ 






























oelh,. , 

.AI6 i 


M °*'^*^* 

"A hock that is shut is but a hicek" 
^ GOVT. OF INDIA ^ 

^ t^parecnent of AFchaeotc^y tt 

O NEW DELHI tft 


PleatM} help ug to keep the book 

.'l^HCi jEiid mcsiring^ 






